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The  Firm  Annual  (  &  Mrarnra  of  the    Members 

was  held  si  the  Boose  of  the  [nstitution,  Newhall  Bir- 

mingham, on  Wednesday,  28th  January,  1 852,  J.  EL  M<  I  '•■nski.i., 
Vice-President,  in  the  Chair. 

The  minutes  of  the  lad  General  Meeting  id  bj  the 

stary  and  confirmed. 

The  CHAIRMAN  then  read  the  following 

REPORT  OF  THE  COUNCIL, 

AT    THE    FIFTH    ANNUAL    MEETING    OF    THE 
INSTITUTION  OF  MECHANICAL  ENGINEERS. 


The  Council  have  the  pleasure  of  meeting  the  Memben  on 
this  Fifth  Anniversary  of  the  establishment  of  the  Institution, 
and  of  congratulating  them  on  its  continue  1  prosperity  and  in- 
ning efficiency  in  promoting  the  objeoti  for  which  it  was 
founded. 

The  number  of  Members,  &c.f  for  the  last  year  is  203,  of 
whom  15  are  Honorary  Members,  and  1  Graduates. 

The  Financial  statement  of  the  affairs  of  the  Institution  for 
the  year  ending  31st  December,  1851,  shows  I  Balance  in  the 
Treasurer's  hands  of  £202  15a  !  r  the  payment  of  all 

ints  due  to  that  date.     The  Finance  Committee  fa 
mined  and  checked  all  the  receipts  and  payment-  of  the  Institu- 
tion for  the  last  year,  1851,  and  hare  reported  thai  the  following 
Balance  orreot 

id.) 


I  ANNUAL    RErORT. 

Tlic  Council  Lave  the  pleasure  of  announcing  that  the  follow- 
ing donations  to  the  library  of  the  Institution  have  been  received 
during  the  past  year : — 

D.  K.  Clark,  on  Railway  Machinery,  from  the  Author. 

W.  Fairbairn,  Lectures  on  the  Construction  of  Boilers  and 

on  Boiler  Explosions,  from  the  Author. 
H.  Lund  on  the  Law  of  Patents,  from  the  Author. 
J.  TVeale,  Dictionary  of  Terms  in  Engineering,  &c,  from  the 

Editor. 
Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers. 
The  Mechanic's  Magazine,  from  the  Editor. 
The  Practical  Mechanic's  Journal,  from  the  Editor. 
The  Civil  Engineer  and  Architect's  Journal,  from  the  Editor. 
The  Artizan,  from  the  Editor. 
The  Mining  Journal,  from  the  Editor. 
The  London  Journal  of  Arts,  from  the  Editor. 
The  Patent  Journal,  from  the  Editor. 
Bust  of  Thomas  Telford,  by  Mr!  Peter  Hollins. 
Portraits  of  Messrs.  George  Stephenson,  Robert  Stephenson, 

Joseph  Locke,  and  George  P.  Bidder,  from  Mr.  Henry 

Wright. 

The  Council  cannot  but  record  their  sense  of  the  value  and 
interest  of  the  papers  that  have  been  presented  to  the  Institution 
during  the  last  year,  and  their  thanks  to  the  authors  of  the  papers 
for  the  useful  practical  information  they  have  furnished  to  the 
Institution.  They  have  good  prospect  of  continued  advancement 
in  the  importance  and  number  of  the  communications  brought 
before  the  Institution,  and  have  promises  of  several  valuable 
papers  for  the  ensuing  year. 

The  following  papers  have  been  read  at  the  Meetings  in  the 
last  year  : — 

The  Improvement  of  the  Construction  of  Railway  Carrying 
Stock,  by  W.  A.  Adams,  Birmingham. 


AL    REPOBT.  o 

An  [mproved  Water  Meter,  by  W.  Parkinson,  London. 
Ihe  Looomotive  Workshops  of  the  Manchester,  Sheffield,  and 

Lincolnshire  Railway,  by  R.  Peacock,  Manchester. 
An  Improved  Vacnnm  Gauge  for  Condensing  Engines,  by 

F.  J.  Bramwell,  London, 
An  [mproved  Axle  Box  for  Railway  Engines  and  Oarria| 

by  J.  Barrans,  London. 
The  Ventilation  of  Coal  Mines,  by  Benjamin  Gibbons,  Dudley, 
A  New  Machine  for  Blooming   Iron,   by  Joseph    I 

Smethwick. 
The  Improvements  in  Locks  in  the  United  States  of  America, 

by  P.  R.  Hodge,  London. 
Improvements  in  the  Construction  of  Railway  Waggons,  by 

H.  H.  Heuson,  London. 
A  New  Regenerative  Condenser  for  Hio-h  Pressure  and  Low 

Pressure    Steam    Engines,    by  C.  W,  Siemens,    Bir- 
mingham. 
A  New  Blowing  Engine  "Working  at  High  Velocities,  by 

Archibald  Slate,  Dudley. 
An  Improved  Mode  of  Moulding  Railway  Chairs,  by  E.  A. 

Cowper,  Birmingham. 
A  New  Pendulous   Reciprocating  Steam  Engine,  by  J.  A. 

Shipton,  Manchester. 
The  Preservation  of  Timber  by  Creosote,  by  J.  E.   Gift,  Bir- 
mingham. 
A  New  Equilibrium  Canal  Lift,  by  A.  Slate,  Dudlv. 
An  Improved  Miner's    Safety  Lamp,  by  S.  H.  Blackwell, 

Dudley. 

The  Council  are  desirous  to  urge  particularly  on  the  Members 
the  preparation  of  papers  on  some  engineering  subjects  that  have 
oome  under  their  attention,  either  as  improvements  in  construc- 
tion, or  the  results  of  experience  and  practical  working  ;  and  they 
would  especially  call  attention  to  the  investigation  of  the  follow- 
ing important  subjects:  — 


i  a  I     REPORT. 

8  earn  Boilers. 
B    inomj  of  Stationary  Engines  for  Manufac- 
taring  and  Mining  Purp 

I    DstraotioD  of  Marine  Engine  Boilers. 

parison  of  Paddle-wheels  ami  Screw  Propellers, 
ustruetion  of  Iron  Steam  Vessels. 

The  Prevention  of  Explosions  in  Mines. 

ments   in   the   Construotion   of  Railway   Carrying 
ok. 

Improvements  in  l  'orn  Mills. 

Improvements  in  Self- Acting  Tools, and  Workshop  Economics. 

A  further  lisl  of  proposed  subjects  for  papers  is  appended; 
the  Council  hope  that  all  the  Members  will  endeavour  to 
pre]  munications  on  some  professional  subjects  that  will 

rviceable  and  interesting  to  the  Institution,  for  the  mutual 
advantage  and  information  of  the  Members,  as  well  as  the  general 
inoemenf  of  the  interests  of  manufactures  and  commerce. 
■.he  the  Members  to  aid  as  much  as  possible  in 
increasing  the  utility  of  the  Institution  by  the  formation  of  a  col- 
lection of  mechanical  models  and  drawings,  and  books  for  the 
library,  with  mdicator-cards  from  steam  engines,  and  statistical 
return-  of  the  working  of  engines,  &c,  so  as  to  render  the  Insti- 
tntion  a  complete  place  for  reference  on  mechanical  subjects. 

The  Council  refer  with  satisfaction  to  the  Meeting  of  the 

I     Minion  that  was  held  in  London  in  the  last  year,  during  the 

G         I.  hibition  of  Industry,  at  which  a  number  of  distinguished 

•  ogineers    and    scientific   men  were  present,  including 

Jurors  of  the  Exhibition,  and  they  were  afterwards  enter- 

taine  1  ai  a  dinni  by  the  Members  of  the  Institution,  in 

'■ration  of  tb  >n,  at  which  170  of  the  members  and 

.  forming  an  interesting  and  agreeable 

ably. 

The  I  the   Institution,  and  five  of  the  Members 

1  ouncil  in  rotation,  go  out   of  office  this  day,  according 


,„  ,1,    Bold,  and  the  ballot  will  be  taken  ri  t;  knnntJ 

BOMf 


Tl    i  .  that,  on  the  pn 

tilth  anniversary,  they  could  bok  lark  Wltfa 
the  progress  of  the   Institution,  nd  the  warn*  - 

its  originatora  had  oertainlj  not  been  disappointed.    Many  reln- 

al.le   liners   h:ut   heeii  brought  out  1  iy  the  Institution   of  mutual 

to  the  members,  and  often  prodnotitnof  neefiil 

Bthon  of  the  papen  from  th.  mi  thai  kook 

.lt  ,)„.  ,..  .     He  touted  that  what  had  I 

well,  would  be  oarried  on  in  the  Mine  epirit,  for  the  Institution 

„,;_,;.  .1  only  in  it*  infamy  ;   and   ii 

doty  of  all  the  memb  end  rapport  the  Institution,  b] 

farniebing  all  the  information  in  their  power.     Snch  i  mean 

derelopiog  mechanical  knowledge  and  manufacturi- 

Institution  tfforded,wonld  prove  ■  commercial  advantag 
the  country  generally,  and  they  could  only  raooeed  in  keeping 

their  national  position  in  machinery  and  manufactures,  by  uniting 

•her  in  the  enoouragement  of  mob  Institutions,    The  promi- 

-:tion  of  this  country  in  the  markets  of  the  world, 
maintained  principally  by  the  development    Of  tho«e    mechanical 

i  which  economise  labour;   and  Last  year'i  Exhibition 
ired  them  pretty  plainly,  that  to  maintain  that  position  they 
must  energetically  follow  oni  the  oonrse  of  improvement  which 
fagvJ  first  md  her  Mtwemacy.    The  Chairman  I 

their  oumberi  would  be  i  I  by  younger  members,  in  the 

oUm  rho  won!  ra'tn- 

tion.  up   m  time  and  I  tbe  older 

ry  practioa]  man  had  daily  .  r  his 

.  table  information,  which  would  be  sersi 

to  the  Institution,  and  be  hoped  thai  i  mber  would 

municatc   mofa  practical  information,  and   avail  himself  of   the 
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itanoeof  the  Secretary  for  tin-  purpose,  who  would  ailbrd  every 
facility  in  preparing  it;  as  it  often  occurred  that  those  \\ li<>  had 
thf  most  information  to  oommunicate  had  the  least  time  to  spare 

it,  or  they  were  not  aware  thai  the  information  would  be  ser- 

vioeable  to  the  Institution. 

Bfr.  ]  8  moved  the  adoption  of  the  Report,  ami  observed 

that  lie  considered  the  progress  and  the  present  position  of  the 
Institution  was  verj  satisfactory. 

Mi-.  II  sonded  the  motion,  which  was  passed. 

Mr.  SHANKS  moved  a   vote  of  thanks  to  the  Council  of  the 
[nstitution,  for  their  services  during  the  past  year,  which  was 
Led  by  Mr.  Garland,  ami  passed. 

I  mkman  then  announced  that  the  ballot  papers  had 
ned  by  the  Committee  appointed  for  the  purpose,  and 
the  following  Officers  ami  Members  of  Council  were  elected  for 
the  pnaning  year  lb'  observed  that  the  Committee  had  reported 
that  a  number  of  the  ballot  papers  sent  in  by  the  Members  had 
t<.  1  '1  as  informal,  because  the  Members  had  sent  the 

ink, without  indicating  the  names  that  they  voted  for. 

President : 
Robebt  STEriiENSON,  M.P.,  London. 

Vice-Presidents: 

Charles  Beyer,  Manchester. 
J.  E.  McConnell,  Wolvcrton. 
John  Penn,  London. 

CouiuU  : 

Matthew  Kirtley,  Derby. 
.bin  .    K.   .McClean,  London. 
EL   B.   Pbeston,  Liverpool. 
John  Rambbottom,  Manchester. 
Thomas  Walkeb,  Wednesbury. 

'In  addition  to  th<    Tin  M. .  Council   who  continue 

ftC  /run  vr.) 


1 1 
i  G  mi. 

[am   P.   Marshall,  Birmingham. 


The  Obazbmam  announced  that  the  following  new  M.  ■ 
vrore  iIm  electa  1 : — 

M 

Au  -all. 

11i:ni:v    i  \\    WakalL 

mas  Fadbaibn,  tlanch 
on,  Low  Moor. 
Jamf.s  Boloeoit,  shut  End. 
EtiUBXH  Plant,  Brierley  Hill. 


The  following  paper,  by  Mr.  An  Irew  Lamb,  of  Southampton, 

.  :  — 

"N  an   OfPROYED  BOILEB   FOB   MAIMNK  ENGINES. 

i  ship   ••  Ripon "  is  an   iron 
vessel,  of  ] 

oomina]  i  -  built  b;  Wigram,  in 

L846,  and  iraa  supplied  with  her  machi  .hill, 

and  Co.,  <>f  Londffl  .  bich  timi  antly 

running  fur  t;  Ifail  from  Southampton 

II    :.'•:_••        •     1  for  lli«-  ••• 
our.     Ti  :  the 

. 
toea,  and  71 J  iron  tub)  -.  '■'•\  in 

■ 


1"  KABIKI   BOILER, 

inctif  0     total  fire-bar  surfaoi  ma  212  Bqoare  foot,  and  the 

irfaoe  in  tubes  '.'>~'J^  square  Eeet,  reckoning  the  whole  of  the 
:'  the  tabes  as  eflfeotive. 

h  tubes  equals  36£  squurefect;  ditto 
through  ferules,  28  square  Eeet  These  boilers  were  loaded  to  10  lbs. 
out!  '     inch,  but  bo  consequenoe of  being  deficient  in  steam, 

the  actual  pressure  attained  at  sea  very  Beldom  ezoeeded  4  to  G  lbs. 
when  full  steam  was  admitted  to  the  cylinders; — of  course  the  en- 
ond  it  to  their  advantage  to  keep  it  up  to  its  full  pressure 
by  worki]  Epansion  apparatus.     This  deficiency  of  stoam  was 

found  to  be  an  increasing  evil,  tin-  cause  l".  »r  which  may  he  satisfac- 
torily explained  by  a  little  consideration  of  the  modus  operandi  of 
the  sea-going  Tubular  Boiler.  When  commencing  running  with  the 
boilers  new,  for  a  short  period,  dependent  on  the  species  of  coal 
consumed,  the  Tubular  Boiler  offers  its  _  advantage,  and  is 

in  fact  (when  properl)  constructed)  as  good  an  apparatus  for  evapo- 
as  can  he   imagined   applicable  to  marine  purposes. 
immense  amount  of  heating  surface,  and  in  small 
.  and  from  their  form  are  capable  of  resisting  great  pressure, 
but  after  throe  or  four  days'  steaming  these  advantages  dimmish. 
The  tubes  have  an  accumulation  of  soot  and  light  ashes  inside  them, 
which   by  reducing  their  sectional  area,  sometimes  from  50  to  75 
ant.,  diminishes  the  draught  through  the  furnaces  in  the  same 
proportion,  and  also  reduces  the  effective  heating  surface  to  the  same 
is  extent.     This  accumulation  depends  in  quantity  very  much 
upon  the  coal.     On  one  occasion  the  author  was  present  in  a  vessel 
with  Tubular  Boilers,  burning  Scotch  coal,  and  they  actually  came 
to  a  dead  stand,  after  only  sixty  hours'  steaming,  the  tubes  being 
v    choked   up,    and    requiring   to    be   swept.      When   Tubular 
;  ive  luiidi  at  sea,  the  outside  of  the  tubes 

I---., Hi.-    .:.,■>•;-•.    1    with    saline    matter,  which    gradually  accumulates 

upon  them,  chiefly  upon  their  bottom  sides,  and  which  hitherto 
it  has  been  found  imj  to  remove  by  any  other  means  than 

scaling  them  mechanically.      The  situation  of  the  tubes  (row  over 

mpliahed,  excepting  upon  the  upper 

that   th.    tubes  hecome  coated  with 

a  crust  \  or  u  inch  thick,  and  the  tube-plates  also,  which 


1 1 
til.-  heal  • 

r 

motion  with   Mr.  8 

:• : 

'.  w  hili" 
in  the  Kim*-  space  as    I  1  of 

I 

the 
>pt  by  thi  i  the 

into  the  chim 
:  B  'il'-r.  ;us  adopted  in  the  •  R  wn  in 

Figs.  1,  \ 

3  a  plan,  all  taken  through  the  £  \  \  I 

;   in   the  in  an 

ordinary  Tubular  Boiler,  forming  the  return  paaage  Cram  the  back 
of  the  tii  ■  the  uptake  at  D.     BE 

1  ra.    The  fl  .  -   A  \ 

I 

•  be  boilm . 

spaoee  are   \\  ind 
and   •  of  the  dues  are  \  inch 

thick . 
l  other  i : 

.    spaces,  an  import  ge  is  gained — that 

no  nucleus  is  iich    the  sea! 

impediment  t  md  rapi 

toes  fruiu   acale  by  meant 
In  an  ■  for  large 

stean  llues  are  placed  aloi._ 

in  the  en.  irhich  an 

by  k 

In  these  Imp  the  same  amount  of  heating  surface 


IS  MARINE    BOILBR. 

btained  in  the  Bame  capacity  of  boiler  as  with  tubes;  the 

difference  i--.  that  it  the  tubes  are  Arths  of  an  inch  thioh   thej 

will  o(  oourse  be  rather  lighter  than  .J -inch  plates;  but  this  difference 

■uipared  with    the   gross  weight  i^  so  small  as   to  bo  unimportant. 

1      the  event  of  any    accident  to  an\   of  the  lines,  the]    ma\   be   taken 

out.  Separately  or   collectively,  to   be   repaired   or   replaced  with   new 

.   bui    from  the  facility  with  whieh    they  can  he  kept  .-lean,  they 

ought,   as    in    the   old  fashioned    flue   boilers,  to    wear  out  the   shell; 

the  length  of  time  being  remarkable  that  a  thin  plate  will  last,  if 
kept  clean,  and  mver  overheated. 

Th--   last    boilers   of    this    construction    examined   by   the   author 

those  of  the  "Tagus,"  280  horse-power,  and  in  those  boilers, 

aming,  the  deposit    was  only  three  inches  deep  in 

the  bottom  of  each  flue  ;  ami  the  total  depth  of  the  Hues  being  3  feet 

8  inches,  it  follows  that  she  had   only  thus   lost  about  G  per  cent,   of 

sectional  area 

2nd.— That  the  Improved  Flues,  from  having  no  projection 
;  of  rivet  heads  or  stays  in  the  water  spaces,  offer  no  obstruc- 
tions whatever  to  the  scaling  tool,  and  are  as  easily  kept  clean  as 
any  part  of  any  boiler  can  possibly  be,  thereby  entirely  removing 
the  evil  of  a  loss  of  heat  through  non-conducting  deposits,  and  very 
much  increasing  the  durability  of   the  Boiler. 

That  the  water  spaces  between  the  flues  being  compara- 
tively large,  and  the  sides  of  the  flues  perfectly  vertical,  the  circula- 
tion of  water  in  the  boiler  must  necessarily  be  much  more  perfect 
than  amci:i.'M  a  number  of  tubes  (amounting  sometimes  to  thou- 
sands), where  the  water  has  to  wend  its  way  in  and  out  in  curved 
I  b       ber   perfection  of   circulation,  the  author   thinks, 

must  add  greatly  to  the  effectiveness  of  the  heating  surface  in  the 
Improved  Flues. 

be   here  mentioned   that    these  advantages  do  not  now 
upon    theory   only,   and    that    they  have   been   fully  realized  by 
experieic 

The  lirst  boil-  iih  these  flues  were  those  in  the  "Pacha," 

»n   0  :.   1849,  similar  to  those  shown  in  the  engravings,  and  up 

to  the  time  of  her  unfortunate   loss   these  boilers  gave  entire  satis- 

.       D    followed   a   Small    boat,    in   January,    1850,   and    the 
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\  I'i'l, 

MS  of    which,    ituiiK 

»   and  have   1  1   \% i t J i   tl«  in.     The   "TaguM* 

the  oldaaf  of  th< 

ol  d<  the)  arc  la  • 

.    . 
■  it h  bet  farmer  Tabula 

no*  fitted  to  the  "  Eli]  nufae- 

1    I'V  IfeBBTB.  Sun.!         .    I  I  i 

are  in  four  parti ;   the  g  pla<  ed  in  i ; 

oe,  and  t n\  itokeholeo  are  thus  in  miriahipa. 

tipied  by  theee  n<  w  boilers  is  I  aa  the  *.'l«i 

ones,  the  arrangement   i  i  having  eoonotniaed  aamoeh  nx-m 

quired,  ao  thai  I  quantity 

riad  in  the  aamc  apace  ai  before.     The  new  boiler* 
rarnaoaaand  246  square  feet  of  fire-bar  surface:  11-  ' 

ep  X  6  I'- ■•  t  S  inches  long,  Wing  5440  s«, 
of  heating  surface,  reckoning  the  whole   inside  sin: 
the    aectionaJ   area    through   the   flues,   deducting   the  stays  s  54 

square  feet. 

•tioiial   area   can   be  diminished   at   pleasure  by  a 
grating  dani]»-r,  whioh   is  hung  at   the   front   end  of  the   : 

Is  alxmt  10  or  12  inches  down  them,  and  which  ii  worked  by 
handles  p  the  boiler   and  tlie  hingea  of   the 

smoke-box  doore.      The  Rnginoor  can  thus  the   inti 

of  his  draught   at   pleaaure,   ■  bo  the  i   coal   in 

use,  Ac, 

Tlie  :  :  the  ••  Ripon  lad  to  1:1  lbs.  per  square 

inch;   the    flues,  b.  .  would   of  OOUTBe  i 

B  far  higher  pressure  with  perfl  b,  if  requi 

iffiaantrj 

lime    that    t>. 

bar  common  radial  paddle  wheels  repla 

which  consequently  added  much  to  t; 

'1  --d  of  the  engines  of    the  M  Bipon  "  With  T'' 

tent  was  per  minute,  and  thai  of  the 

reeae!  about  lu  knots  per  hour  when  quite  light. 
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be  trial  at   the  measured  mile,  December,  186*1,  the  vessel 
j  L6  feel  8  inches  forward,  and  111  feet  7  inches  aft  ;  she 

had  all  her  Coal,  (422  tOSS,)  01)  hoard,  her  water,  and  some  OargO,  and 

oquently  \\a->  pretty  deep  Loaded.  The  speed  of  the  engines 
>lutions  per  minute,  and  of  the  vessel  11-3  knots  per 
hour.  Nad  she  been  Light,  as  in  the  former  trial,  she  would  have 
probably  gone  over  12  knots.  It  appears,  therefore,  that  the  im- 
provement in  speed  may  be  fairly  stated  as  2  knots  per  hour.  The 
cylinders  of  the  engines  are  7('>  inches  diameter  X  7  feet  stroke. 
Their  nominal  horse  power  formerly,  at  15  revolutions,  would  be 
4"!,  and  at  19$  revolutions,  526  horse  power,  so  that  the  new  boilers 
have  given  122  borse-power  more  steam,  of  an  increased  pressure 
of  S  Lbs.  per  square  inch,  than  the  old  ones.  As  the  "Ripon"  is  now 
making  her  first  voyage  with  the  new  boilers,  the  author  cannot 
speak  with  any  certainty  about  her  consumption,  but  will  give  some 
details  of  the  Peninsular  and  Oriental  steam  ship  "  Bentinck,"  which 
has  made  one  voyage  to  Alexandria  and  back  with  these  improved 
boilers  and  feathering  wheels. 

The  "Bentinck"  is  a  wooden   vessel,  built  by  Wilson,  of  Liver- 
pool, in  1844j  and  has  side  Lever  Engines,  by  Fawcett  and  Preston. 
_  'JO  tons  burthen,  and  her  Engines  are  520  nominal  horse- 
power;   her  original  boilers  were  of  the  old  flue  construction,  and 
Ion. led  to  6  lhs.  per  inch   pressure;    her  average  speed  at  sea 
be    per  hour,  and   her   Engines  about  14  revolutions  per 
minute. 

The  speed  of  the "  Bentinck "  is  now  over  11   knots  per  hour. 

onBumption  was  about   37  cwt.  per  hour;  the  present 

imption  averages  about  38  cwt.  per  hour. 

It   must  be  noticed   that   the  Peninsular  and  Oriental  Company 

had   Tubular   Boilers,   with    brass   tubes,    made   for  this  vessel   by 

.  Bury,  Curtis,  and   Kennedy,  and  that   tiny  were  brought  to 

and  placed  in  the  "Pottinger,"  a  sister  ship  of  the 

I   of   450   nominal   hois,   power,   with    common    paddle- 

boilers  are  of  exactly  the  same    size  as  the  patent 

made  for  the  ••  Bentinck,"  and  they  are  both  Loaded  to  the 

/,  12  11.-,.  per  square  inch;  they  have  each  made 

udria  and   back,  and.  contrary  to  all  expectation, 


mai.im;  bOU  I."» 

the  "  Ben  tin  ck,"  although  Iht   I 
•    than  the  "  Pottingt 

■  umed   1 9  than  the  "  Pottu 

1  the  same  d  I 

of   diniini  isuiuption    i»    undeniabl)    a  fair  t ii nm } >li  for  the 

Lmpi  r  the  im] 

the  honoura  with  the  :■  paddle  wheel  ;  tl 

lade  ili>-  •  .  ->;»;:>•  on  n  oord  between  thi  aed. 

.  the  ami 
\<i\>\    .  ibed  in  the  present  paper  will  beoome  bfa     M 

iy  adopt  •  \  Ldent,  i 

not  than   Tubulai  while   it->  durability  will,  he 

think  v  much  He  \^ill  be  happy  I 

Boil       to  any  of  the  sfembera  of  the  [nstitntion  who  may  I 

pportunitj  ing  those   thai    maj    I"-   in    port)  or  at   .Mr. 

Suim      -    \\  at  Southampton,  where  there  are   non 

:  traction.     It   may  be  added  that  tin  iteam 

ship,  MG1  I    Id  sod  M    i  ,  which  has  lately 

■sads  the  fastest  run  serosi  the  Atlantic  of  any 

I  with  these  Impn  ■    I   Boilers;    Kessra  Todd  and  Bd 
made  ■  i  le  nnnxber  of  them,  and  thej  are  also  i- 

sasnnfactared  1*  is  intended  i 

••  HiriKilayah,"  now  building  for  the  Peninsula] 
of  upwai  ns  hui-tLen,  I  peUed  by 

oscillating  engines  of  12 

M  of  the  fluea  are  ihowD  Is 
4  i-  .<  tanavefM  «  5  ■  plan,  i  i  longitu- 

dinal section  of  a  portion  of  the  flue*  AA,  il  -  ale.     Tliev  are 

constructed  of  two  Bat  ride  \  inch  thick,  fbu 

the  adjoining  Bom  ;  lbs  lop  and  bottom  of  each  • 
I  by  tin-  esi 

ire   li  in.  :. 
and  a:  b  end  IhtOOj 

ther,  and  I  ire  all  pal  .  and 

.k  heads  .. 

■ 

tluee  arc  afterwards  rii 
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ler  with  covering  stripe  1  1  at  their  ends,  and  they  arc  inserted  into  the 

Iviler  I  'ii  or  eight,  BOOOrding  U>  the  size  of  the  tin  iik'.-. 

Any  one  of  the  Baea  oan  be  readily  extracted  from  the  others  it'  necessary,  by 

sotting  away  the  two  rows  of  rivets  a1  each  end,  and  drawing  it  oul  through  the 

trout  smoke-box  doors  BS.    The  experience  which  they  have  had  of  the  durability 

Bues  has,  however,  satisfied  those  who  have  employed  them,  thai  unless 

of  the  engineer  should  (through  want  of  water)  allow  them  to 

.1  hot,  the  Buea  will  in  all  oases  outlive  the  ^hrlls  in  which  they  arc 


The  Chairman  observed,  that  ho  regretted  Mr.  Lamb  was 
nut  able  t<»  be  present  on  that  occasion,  to  hare  given  them 
further  practical  information  on  the  construction  of  the  boiler 
that  was  desirable.  He  had  not  explained  in  the  paper  the  mode 
of  fixing  the  fine-plates  to  the  boiler  at  each  end,  and  the  mode  of 
removing  and  replacing  the  flues  when  required. 

Mr.  Shanks  -aid  ho  had  Been  some  of  the  boilers  on  that  plan 
making  at  GrlasgOW,  but  was  not  acquainted  with  the  practical 
details. 

Mr.  E.  Jones  thought  there  would  be  some  practical  difficulty 
in  removing  and  replacing  the  flue-plates  without  disturbing  the 
boiler. 

Chairman  remarked,  that  the  question  of  principle  in 
the  boiler  was  one  of  heating  surface,  and  there  was  certainly 
a  considerable  advantage  in  having  only  the  small  horizontal 
at  the  bottom  of  tin.'  fines  for  the  deposit  to  collect  upon, 
and  the  vertical  position  of  the  plates  allowed  the  freest  fall  for 
the  deposit  to  the  bottom. 

Mr.  CoWPJB  s;iid  the  construction  of  the  boiler  reminded  him 

-  boiler,  which  was  invented  for  common  road  loco- 

-  :   thai   boiler  consisted  of  a  number  of  very  thin  flat 

chambers,  with  :f  Dumber  or  Btaj  -  passing  through  all  the  cham- 

.  which  were   in   tension  instead  of  compression  as  in  Mr. 

.1/-  boiler:   these  staj  through  a  series  of  ferules,  or 

very  short  tube-,  forming  strut-  both   inside  the  chambers  and 
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iluMn.     Tin'  boiler  ira  I,  rrom  bavii 

great  ■  Dumber  ol  joint*,  aud  w  quentl^  ver)  troi 

beam-tight :  but  it  area  a  verj  -  ffective  plan  for  generating 

-train,  a:  :.iiral  of  ipa06  :  the  air  0AI 

flu.  -  a>  cool  a>  in  a  locomotive  i  hiiniir\  .      A  ihoii   narrow  l!i. 

equal  to  a  long  wide  flue,  ae  in  the  large  flueboili  ting 

the  heat  out  of  the  air  paaeing  through  it.  a-  the  whole  of  th. 
mght]  »"  in  ti«  -h  sooner  in  oontad  with  th<-  Bides  of  the  fine. 

Mr.  IfiDDLKTOK  -aid  that  the  boiler  deaoribed  in  the  j 
reminded  him  of  another  boiler  somewhat  similar  to  Hanoi 

•  difficulty  in  keeping  it  steam-tight     1    e 

m  of  the  tin.  I  oonaidered  bo  ^t- >«•<!  a  beating  sui 

a>  the  top  «'t'  the  i\\u-<.  and  therefore  in  Mr.   Lamb*a  boiler  the 

whole  of  the  sides  of  the  flue*  should  not  be  calculated  a>  efficient 

beating  surface  :  he  thought  two  third-  would  be  enough  to  take. 

Mr.  I  !,  that  would  be  merely  a  qi 

what  value  waa  put  npon  the  heating  surface  per  square 
But  there  would  be  more  loaa  from  that  oauae  in  tubes  than  in 
Lamb'a  fl  m  surface  of  each  tube  amounted 

fourth  or  more  of  the  whole  heating  surface;  but  in  launb'a  boiler 
the  bottom  surface  of  the  whole  flue  waa  only  equal  bo  the  bol 

1  'haikmas  oonaidered  it  deairable  to  obtain  further  i 
oulara  from  Mr.  Lamb  reapecting  the  boiler,  and  h>  re) 

ed  with  the  ordinary  tubular 
boiler. 

Mr.  Shank-  said,  thai  afeaara,  Todd  and  MoGregor  had  laat 
built  for  the  Peninaular  ai 
the  same  in  ever)  roe]  oe  had  tubular  boilers  and 

the  other  Lamb'a  tluo  boilera:  they  were  both,  he  b  .  per- 

-  in  the  Endian  ocean, and  they  would  supply 
an  excellent  meana  of  making  a  oompariaon  between  Um  I 
atruotioni  of  boilera,  and  he  hoped  Mr.  Lamb  won!  the 

[natitntion. 
Mr.  Ali  :,  that  the  fluee  might  be  put  in  with  u 
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flange  all  round  at  each  end,  like  the  mid-feather  in  a  locomotive 
firebox,  and  fixed  by  two  row-  of  rivets  down  each  water  Bpace. 
The  rivet  heads  might  then  be  readily  cut  off  all  round  anj  one 
fine,  and  the  flue  taken  out,  when  required;  and  a  new  Sue  might 
then  be  inserted,  by  reaching  down  the  water  spaces  between  the 

-  to  put  the  rivets  iii. 

Mr.  Cowpsb  observed,  that  he  had  oner  been  told  by  Mr. 

»ton,  of  Liverpool,  of  a  tubular  boiler  of  ordinary  construction 
in  a  Bteamer  on  the  Mersey,  which  did  not  make  steam  enough  ; 
and  he  found  on  examination  that  the  tubes  were  all  set  solid 

ther  with  the  deposit  formed  between  them,  so  much  so,  that 
he  cut  oil'  all  the  tubes  at  each  end  inside  tin-  tube-plates,  and 
them  all  out  in  one  mass, 

Mr.  Shanks  said,  he  remembered  the  boilers  of  the '*  Caledonia" 
Bteamer,  after  seven  years'  work  across  the  Atlantic,  were  found  to 
be  - 1 ill  in  good  condition,  and  with  very  little  scale  upon  them; 
they  were  common  flue  boilers,  and  were  kept  clean  chiefly  by 
the  constant  use  of  the  brine-  pump.  He  enquired  whether,  in 
stationary  boilers,  Ritterbandt's  plan  of  using  muriate  of  ammonia 
did  aot  prevent  incrustation? 

The  Chaibham  observed,  that  Ritterbandt's  process  only  re- 
moved  the  carbonate  of  lime,  but  did  not  acton  the  sulphate, 
which  formed  a  large  portion  of  the  deposit. 

Mr.  Cowper  said,  he  remembered  trying  that  plan  in  a  pair  of 
stationery  engine  boilers,  but  after  finding  that  it  caused  the 
engini  I  quite  rusted,  the  plan  was  abandoned. 

Chairman  proposed,  that  the  discussion  on  the  boiler 
should  be  adjourned,  and  Mr.  Lamb  be  requested  to  give  them 

further  information  respecting  it  at  the  next  meeting;  he 
proposed  a  vote  of  thanks  to  Mr,  Lamb  fox  his  communication, 

which  was  pa- 


er,  by  Mr.  William  Bandit  j 
was  tlu-ii  read  i — 

US  QIPBOVXD  BEEAE  FOB  i;  aii.way  (  w;i;iA< 

\  ipping  1> 

Carriages,  but  nearly  all  of  tln-m  act  apon  the  and  principle, 

imply  different  methods  of  prassu 

of  the  wheel,  so  m  to  stop  Lta  revolution,  and 

tin-  to  slide  0]  uls. 

ttv  all  Stopped,  the  friction  of  tl 

riagesli-1.:  whole  amount  rthat 

■ 
.  .  i  no  power  for  stopping  th(  only 

diffei  -  of  pressing  the  braak-bloc]  r  the  tin 

purpose  of  insuring  md  uniformity  of  action, 

radon  cpensesof]  ind  the  jarring  on  1 

ssaka  the  break  1  in  combination. 

Pie  principal  obtained  i  e  the  blocks  always 

pressed  square  againai  the  wheels,  and  with  a  uniform  pressure  on  all 

the  wheels  of  I 

great  difficulty  in  stopping  the  wheels,  sad  much  straini 
ad  upon  the  carriage,     Lnthei    rlier  break  oded 

by  a  veiiica)  lever  bum  tin-  frame  "f  the  can 

1.  Plats  50,  :i"  I  I        a      ing  shaped  t<  i  the  circle 

of  the  wheel,  but  I  from 

in  the  w<  ^iny  on  i  much 

Inequality  in  tl  eak-block  to  tl  rela- 

tive level  of  the  break,  block  snd  the  wheel  ben  o  by 

the  dotted  line.  IJ  1>  ;  also,  the 
presBureof  the  bras 
both  so  Um  md  the  road,  and  I 

k,  shown  in  1 
lying  these  d  and  the 

1  unchanged,  by  the  bri-uk  l.l- 
BB,  wl 
Oj  a  difficulty  is  •  in  preserving  an  < 
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iw  on  all  the  break-blocks,  on  account  of  the  unequal  wearing  of 
the  different  bearii 

All  the  above  breaks  have,  however,  the  serious  objection  that  flat 

-  are  worn  upon  the  tires  of  the  wheels,  by  sliding  upon  the  rails, 
and  the  wheels  consequently  become,  to  a  certain  degree,  polygonal. 

leviation  from  the  circular  form  of  the  wheel  becomes  a  serious 
source  of  injury  both  to  the  rails  ami  the  wheel,  from  the  amount  of 

sdons  caused  by  the  great  velocity  of  rolling,  ami  the  great  weight 
carried  ;  this  also  causes  increased  expense  in  the  wear  of  the  tires 
and  rails. 

Fig.  3,  Plate  50,  shows  another  break,  invented  by  Mr.  Lee,  in 
1S42  :  the  wooden  hreak-block,  A,  is  made  of  a  triangular  form,  and  is 
pn  ased  both  against  the  wheel  and  the  rail  by  the  lever,  B,  which  is 
centred  upon  the  nave  of  the  wheel,  C,  by  means  of  a  ring  or  collar 
fitting  in  a  circular  groove  cut  round  the  nave ;  the  rubbing  face  of  the 
wood  block  is  shod  with  copper  or  iron.  The  connecting  rods,  D  D, 
have  adjusting  screws,  to  preserve  the  relative  position  of  the  break- 
bl(  «k,  A,  and  the  wheel,  as  the  surface  of  the  block  wears  away. 

The  mechanical  arrangement  of  this  break,  it  will  be  perceived,  does 
not  admit  of  sufficient  pressure  being  applied  against  the  wheel  and  the 
rail  to  form  an  efficient  break ;  but  even  if  the  pressure  were  sufficient 
to  stop  the  wheel,  the  same  objection  would  still  apply  as  in  the  ordi- 
nary break,  namely,  flat  places  would  be  worn  on  the  wheel.  This 
break  was  tried  on  one  or  two  railways,  but  has  not  come  into  use. 

Fig.  4  shows  a  break  on  an  entirely  different  principle,  brought  out 
by  Mr.  Adams,  in  1847 ;  this  consists  of  a  sledge,  A  A,  sliding  upon 
the  rails,  upon  which  the  whole  weight  of  the  carriage  is  thrown  by 
lifting  the  wheels  off  the  rails.  The  sledge  A  A  is  a  long  piece  of  iron, 
with  a  flange  at  each  end  to  guide  it  on  the  rails,  and  is  suspended  by 
two  links,  B  B,  from  the  iron  bar  C  C,  which  is  supported  by  the  links 
D  D,  and  hears  againsl  the  under  side  of  the  axle-box  at  each  end,  E  E; 
the  links  B  B  are  in  the  form  of  a  parallel  rule,  and  when  they  are 
straight  oed  by  the  action  of  the  lever,  the  sledge  A  A  is  pressed  upon 
the  rails,  and  lifts  up  the  wheels  from  their  bearing  on  them.  This 
the  wheels  from  being  worn  flat;  but  it  requires  great 
power  to  put  tbe  whole  weight  of  the  carnage  upon  the  sledge,  and  is 
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pquontly  slow  in  action;  and  there  i  it  '" 

having  the  wheels  hanging  without  any  support  irhen  tin-  break  is  in 
action.     It  has  not  oome  into  iiae  in   England,  but  then  raral 

break  ame  principle  in  use  in  Belgium  for  some  t  Line  prei  iously. 

II  .    ilea's  [mproved  Break,  the  subject  of  the  pi  per,  ii 

shown  in  i  ,|  ('.,  Plate  51.    Thin  break  Is  on  the  same  principle 

us  the  ordinary  -ki  1  used  on  oommon  roads  ;  the  two  iron  anna,  A  A. 

trriedbj  the  axle.  B,  upon  whioh  a  br  B      fitted,  turning 

round  the  axle;  and  at  the  ends  of  these  arms  are  fixed  thi 
skids,  0  0,  one  of  which  i>  made  t • »  pass  under  the  wind,  whid 

the  oarriage  is  running,  raising  it  from  the  rails  by  turning 
r  round  upon  the  axle.      I  the  breadth  of  the  tread 

of  the  wheel,  without  any  flange,  and  the  wheel  is  lifted  only  about  one 
eighth  of  an  inch  on  the  av<  rage,  so  that  the  flange  of  the  wheel 
tinui-s  as  efficient  and  Becure  a  guide  upon  the  rails  as  in  the  ordinary 

of  a  wheel  stopped  from  revolving  by  the  pressure  of  a  break- 
block.  The  shoe  is  made  in  two  pieces  :  the  upper  one,  0,  is  i 
on  to  the  arm  A,  and  the  lower  piece,  1>,  which  forms  the  skid,  is 
hinged  to  it  at  the  end.  The  object  of  this  construction  is  to  prevent 
Erom  touching  the  wheel  until  it  is  required  to  be  put  in  action ; 
the  joint  opens  about  i  quarter  ef  an  inch,  and  the  ahoe  falls  away  from 
the  wheel  when  it  is  lifted,  being  stopped  by  the  holt  E,  which  limits 

Ctent  of  it-  opening;  and  round  this  holt  IS  placed  a  short  spiral 
spring,  to  keep  the  joint  open,  and  prevent  it  from  shaking  when  the 
carriage  is  running. 

The  wear  of  the  shoe  is  provided  for  by  inserting  two  small  dove- 
tailed  pieces,  FandG,  at  the  points  where  the  wear  takes  place ;  these 

I  are  slightly  tapered,  and   arc  driven   into  their   places  fr<'m  the 

inner  side,  being  burred  arrivetted  on  the  opposite  side,  where  they 
remain  firmly  fixed,  having  no  tendency  to  work  loose.     The  lower 
is  of  wrought  iron,  which  is  found  to  answer  best  for  the  purpose  ; 
the  upper  one,  F,  which  carries  the  wheel        I      -■  iron  :  it 
little  wear  upon  it,  but  is  ehangi  onally  for  a  pi 

thick]  How  for  the  wear  of  the  shoe-plate  <;.  and  preserve  the 

total  thickness  of  tl  sithin  very  little  variation,  so  as  to  pn 

much  difference  in  the  height  that  the  wheel  is  lifted  from  the  rails. 
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k  is  easily  and  quickly  applied,  by  means  of  the  lever,  L, 

acting  on  the  upper  arm  of  the  break,  K.  as  the  carriage  runs  upon  the 

•* hen  it  is  pressed  under  the  w  neel ;  it  requirea  Less  foroe  than  the 

ordinary  break,  and  is  put  on  more  quickly*.    The  ordinary  break  screw, 

.  and  cross  shaft,  are  available  for  working  this  break, 

mode  of  breaking  has  the  advantage  of  keeping  the  wheels 

•  tlv  circular,  and  preventing  them  wearing  polygonal,  which  under 

the  ordinary  mode  converts  them,  in  fact,  into  bo  many  hammers  beat- 

ing  upon  the  rails,  to  the  no  small  detriment  of  the  permanent  way. 

e  win  els  rest  upon  tho  skid,  which  slides  along  the  rail,  the 

are  saved  from  that  strain  and  torsion  which  necessarily  arise 

when  blocks  are  pressed  with  great  force  against  the  wheels  to  stop 

them.    Instances  often  occur  of  the  axles  of  break  carriages  failing  from 

.USe. 

"Winn  wheels  are  stoppedwith  the  ordinary  break,  the  surface  bear- 
ing upon  the  rails  is  so  small  that  it  follows  into  the  soft  and  hollow 
places  of  the  rails,  and  makes  them  worse  ;  this  shoe,  however,  having 
a  I-  aring  of  sixteen  inches,  passes  over  them,  and  saves  the  rails  from 
thai  v 

In  consequence  of  the  axle  being  taken  for  a  bearing,  and  the 
ore  being  downwards,  in  the  same  manner  as  when  the  wheel  is 
running,  the  action  of  the  springs  is  not  in  the  least  interfered  with, 
and  the  carriage  runs  as  easily,  and  without  any  jar,  when  the  break  is 
put  on  as  when  it  is  off.  The  wheels  are  also  kept  quite  cool,  saving 
the  tu  by  from  expansion. 

The  )•  tarding  power  of  this  break'  is  found  to  be  greater  than  that 

of  any  of  the  ordinary  breaks,  both  in  diy  weather  or  when  the  rails 

Lipperyj  and  it  is  found  from  experience  that  two  pairs  of  wheels 

with  this  break  are  about  equal  to  three  pairs  with  the  ordinary  break. 

In  all  the  breaks  where  the  wheel  itself  forms  the  shoe  or  skid,  the 

_    I-,  carried  on  the  small  point  of  contact  of  the 

1.  which   immediately  wears  bright  and  clean,  and  the  friction  is 

ially  diminished  ;  but   in  this  break   the   much  greater 

:       t  prevents  it  from  getting  rubbed  clean  and 

bright,  and  the  particl  lined  between  the  rubbing 

ing  Increased  friction. 

Several  of  thee  breaks  are  in  use  on  the  Eastern  Counties  Railway, 


k.\;: 

\ilik 
:  <-s  running  en  l.ranrh    Lines  J    Mid    tl 

with  entu  ring  dailj 

tin-  points  and  oroasingH  of  tl  without  an j  difficulty  or  aooident 

l  with  these  break 
train  for  t\\.«  700  miles  weekly,  and  the  shoe  ] 

put    :  utlis    .sine.-,  .still    !•  l"    thfl 

r  bn  aks  fore  reqi 

he  tank  i  two  mont 


The  L'haiuman  ol  .  that  they  wen-  disappointed  of  Mr. 

Handley's  pn  who  was  to  have  attended  at  the  meeting; 

and  in  hi>  absenoe  the  ry,  Mr.  Mar-hall,  who  had  mainly 

prepared  the  paper  and  drawinge,  would  afford  any  farther  expla- 
nation on  the  subject  that  might  l>e  required. 

Mr.  Adams   said,  he  oonaidered  ■  sledge  break  was    un- 
doul  tier  than  the  ordinary  plan  of  sliding  on  the  wheel, 

if  the  practical  objections  and  difficulties  could  be  overcome,  bat 
seen  Mr.  Handley'fl  break  before,  nor  i  draw  ing  ofit. 
It  would  depend  on  the  results  of  working,  whether  safely  and 
rily  :  bnt  he  thought  it  would  require  much  force  to  put 
on  the  break  and  lift  the  oarrii 

The  PABI   explained  that   the   wheel  mounted   up  the 

ued  poini  by  running  in  that  direction,  and  that 

it  was  found  not  to  require  more  force  at  the  handle  to  put  it 
on  or  take  it  off  than  the  ordinary  break;   it  was  worked   by  a 

iv  and  lever  in  the  ordinary  manner, 
handle  were  sufficient  t<>  pot  it  on.     In  taking  off  the  break  it 
required  a  pinch  at  first  to  loosen  the  shoe,  and  then  the  weight 
of  the  carriage  assisted  in  getting  the  wheel  off. 

Mr  Exbtboh  thought  the  break  was  an  ingenious  principle, 
bat  did  not  quite  appron  plication;  and  he  thought  the 

ordinary  breaks  would  afford  more  retarding  henthei 

made  not  quite  to  atop  the  wheels.      A  good  btesJuonan   b 
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that  by  I  the  break-block  pressed  against  the  wheel  with  a 

littl.  lest        e  khan  would  Btop  the  wheel  from  revolving,  he 
oould  produce  :i  greater  frictiou  than  by  skidding  the  wheels. 

Mr.  Curr  doubted  the  durability  of  the  bottom  Bhoe-plates, 
and  thought  they  would  he  continually  wanting  to  be  renewed, 
which  would  involve  great  practical  inconvenience  and  expense. 
Mr.  Adams  observed  that  there  was  a  great  trouble  and 
-  with  the  present  breaks,  in  constantly  changing  the  wood 
break-blocks,  which  wore  out  in  a.  very  .-hurt  time  where  there  was 
much  work  to  he  done.  If  the  whole  weight  of  the  carriage  were 
sledged,  that  must  be  the  limit  of  breaking  power,  but  it  was 
clearly  a  bad  mechanical  arrangement  to  sledge  it  on  the  mere 
points  of  contact  of  the  wheels  on  the  rails. 

The  SECRETARY  explained  the  provision  made  for  changing 
the  -hoe-plate-:  these  plates  w,  re  all  alike,  planed  to  one  gauge, 
with  the  Bams  taper,  so  that  each  one  would  fit  any  break,  and 
ok  of  them  was  kept  always  ready,  and  any  plate  could  be 
changed  in  a  few  minutes.  The  cost  of  these  pieces  of  iron  was 
v.  rv  little,  and  they  appeared  to  have  great  durability,  those 
under  the  break-vans  lasting  more  than  six  months. 

Mr.  Peacock  was  not  acquainted  with  the  break  before,  but 

he  certainly  thought  it  was  an  exceedingly  good  scheme,  and  well 

carried  out.     He  enquired  about  the  construction  of  the  brass 

collar  that  carried  the  break  upon  the  axle — whether  it  was  fixed 

tight  on  the  axle,  or  the  axle  revolved  in  it?  he  doubted  whether 

nld  last  long,  from  tin;  friction  upon  it. 

The  SECRETARY  explained  that  the  brass  collar  was  fixed  in  the 

break, and  turned  loose  on  the  axle;  it  was  consequently  always 

rubbing  whik  ge  was  running,  but  the  friction  was  very 

1.  as  the  only  pressure  upon  it  was  the  weight  of  the  break 

itself,  which  ended  by  the  brass  collar.     When  the  break 

tion,  asihe  axle  was  then  stationary, 
exhibited  of  one  of  these  brass  collars,  If  inch 
wM.  inch  thick,  which  ha  1  b«  en  six  months  at  work  in  a 

break,  but  -1. 
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If r.  G  1  ii"t  understand  how  the  wheel  was 

I  from  mounting  farther  on  to  the  shoe  than  was  intended, 

and  rolling  over  it  ;  he  thought  it  wool  !  be  onlj  !  bj 

mall  bolt  connecting  the  upper  and  lower  ] 
and  that  i  itop  f  I  for  the  arm  of  the  break,  to  prevent 

it  from  nu»\  u  r. 

tid  that  he  beliei  sd  for 

the  break  in  the  Tank  making  one  of  the  an 

break  work  ini  pnent,  which  limited  ita  motion  both  i 

but  that  then-  wi  bher  stop  in  the  break  ram  than  the 

ik  handle,  which  was  sufficiently  powerful  to 
pull  back  the  break  whilst  the  carri  irds, 

and  would,  t!  hare  power  enough  to  hold  the  break  from 

g  farther  under  the  wheeL     The  I 
of  tl  .  and  had  no  strain  upon  it  when  the  break 

in  action,  aa  the  two  |  re  then  preesed  ol 

but  rapp  handle  detached,  the  wheel  could  not  ; 

the  shoe  without  tipping  upon  the  finont  end  of  tl 
centre.  which  was  a  long  lever 

Mr.  Co.wi'er  remarked  that  if  the  proportion  between  the 
the  axle  from  the  rail,  and  the  length  of  the  baac  upon 
the  rail  from  the  centre  of  the  wheel  to  the  front  end  of  the  - 
the  proportion  between  the  total  \ 
'.  and   the   hiding   friction   on   the  rail,  then   the  v 
won!  11  ut  if  the 

trtionate  h  ngth  of  the  base  upon  the  rail  i  i  the  limit 

of  the  sliding  friction,  must  slide  forward,  and  the  v 

could  not  roll  over  it  even  if  I  .  arm  were  Loose  from  the 

handle,  and   :  round   th       |    .      In  the  draw  u 

the  break,  th-  t  of  the  shoe  apj  bout 

M)  that  the  bate  on  the  rail  was  equal  to  tl 
fried  from  sliding 

Mr.  .'.  ik  mnst  proi 

if  it  was   found  I    in   praoti<  i  . 

d 
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ezpenoe  of  repairs  of  the  wheel  tiros,  which  was  very  great  on  lines 
with  Bteep  gradients,  where  the  breaks  were  required  to  bo  in  very 
frequent  use.  He  wished  to  ask  Mr.  Peacock  what  lie  found  the 
ezpenoe  of  keeping  in  repair  the  wheel  tires  of  the  break  vans. 

Mr.  PEACOCK  said  that  in  the  long  steep  inclines  of  the 
Manchester,  Sheffield,  and  Lincolnshire  Railway,  they  had  the 
wheels  of  the  break  vans  and  tenders  skidded  for  three  or  four 
miles  together  sometimes,  and  the  wheel  tires  were  worn  out  very 
rapidly  in  consequence ;  the  men  could  not  bo  prevented  from 
skidding  the  wheels,  where  they  had  the  power  of  doing  so,  by 
the  1  'leak.  The  wheels  required  taking  out  and  turning  up  about 
once  in  two  months,  and  this  process  generally  answered  only 
twioc.  after  which  new  tires  were  required  ;  the  cost  of  renewing 
the  tires  was  about  £10,  and  £2  more  might  be  added  for  the  in- 
termediate turnings  up  and  the  cost  of  changing. 

Mr.  Adams  observed  that  the  annual  cxpence  caused  by  the 
wi  ar  of  the  wheel  tires  alone  in  the  break  waggons  appeared, 
therefore,  to  exceed  £15  per  waggon,  under  the  present  system, 
and  the  consequent  saving  would  be  very  important  in  that 
item  alone,  in  a  large  stock  of  waggons,  by  the  use  of  the  new 
break  preventing  the  polygonal  wear  of  the  wheels. 

Mr.  Cowper  said  he  thought  there  was  some  objection  to 
pushing  a  sledge  in  front  of  the  wheels,  in  case  of  its  catching 
against  any  fixed  obstruction,  such  as  a  bad  joint  in  the  rails ; 
although  it  was  rounded  off  at  the  front  end,  it  would  wear  into 
a  flat  surface,  making  an  angle  ;  but  when  a  wheel  was  skidded 
it  always  presented  a  rounded  surface  to  any  obstacle  ;  and  if  the 
obstacle  did  catch  it,  it  only  turned  the  wheel  round  a  little. 

The  Secretary  observed,  that  the  shoe  was  made  with  a 
long  gradual  slope  at  the  end,  and  however  worn  at  the  bottom, 
it  would  always  leave  so  easy  an  angle  in  front  as  to  pass  over 
any  joint  as  well  as  a  skidded  wheel  could. 

Mr.  Goodfellow  thought  that  a  side  Avear  of  the  flange  of 
the  wheel  might  be  found  to  take  place,  particularly  in  passing 
round  curves,  Avhich  Avould  Avear  out  the  tire,  although  the  head 


of  the  til  :ir  ;    an  I    he   doul  U    i  W  ! 

there  vu  luffici*  ■  on  the  rail. 

Mr.   I  •  :,-tt  the  break-shoe  might  be  made 

with  a  flange,  whioh  would  obviate  any  wear  on  the  flanj 
the  wheel* 

The  Chairman  remarked  that  it  was  an  interesting  and  im- 

m(  subject,  and  this  break  was  certainly  a  very  ingenious 
invention,  well  deserving  of  a  oomplete  trial 

Be  proposed  a  vote  of  thanks,  which  was  passed,  to 
Mr.  Handler,  for  furnishing  them  with  the  information  and  to 
the   Secretary    for   preparing   the  communication,  which   was 

The  following  paper  by  Mr.  James  Samuel,  of  London,  was 
then  read : — 

OONTINTJOTja  EXPANSION  STEAM  ENGI] 

The  economy  of  working  Bteun  expansively  is  well  known,  bat  the 
application  of  the  expansion  principle  is  practicable 

t  in  most  forms  of  engine,  from  practical  difficulties  in  their  mode 
of  working  which  prevent  the  attainment  of  the  full  economy  of  which 
the  expensive  principle  La  capable. 

1  from  the  steam,  when  it  is 
allowed  to  expand  in  the  cylinder  until  its  pressure  u{>on  the  j 

just  I  :dl   the   Of  of  the  friction  of  the  I  : 

:'.  and  the  i  rare  on  the  hack  of  thi  (whether 

f  the  atmosphere,  in  a  high-preesore  engine,  or  of  the 
unco:  apour,  in  a  oon  rpluj  pov 

being  alone  available  for  the  purj  rhich 

th>-  i  applied. 

But  in  driving  machinery,  bo  great  ■  uniformity  of  motion  ia  ■ 
tial.  •  n  in  the  gfiOut   the 

able  to  al  igh  of  the  excess  i  I 

iently,  bj  in  at  the  of  the  eta 

fly,  though  t.'.  right 

angk  >i-  the  I'U!  iiuiinislii:  nation  in 
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total  moving  power,  the  expansion  principle  can  only  be  carried  to  a 
portion  of  the  extent  to  which  it  is  theoretically  applicable. 

Only  in  such  engines  as  the  large  Cornish  pumping  engines  can 

the  expansion  be  carried  practically  to  its  full  theoretical  limit,  as  tho 
variation  in  the  velocity  of  the  load  moved  is  of  much  less  importance 
in  those  engines,  and  the  very  unequal  amounts  of  moving  power  that 
are  developed  in  equal  times,  by  the  full  carrying  out  of  the  expansive 
principle,  which  would  produce  the  most  prejudicial  and  inadmissible 
variations  of  velocity  in  the  engine,  are  controlled  within  prescribed 
limits  by  the  great  weight  of  material  to  be  moved  by  the  engine  in 
the  pump  rods  and  balancing  machinery,  forming  as  it  were  a  distri- 
buting reservoir  for  the  moving  force  developed. 

In  the  Locomotive  Engine  there  are  practical  difficulties  in  carry- 
it  the  expansion  principle  efficiently,  beyond  a  moderate  extent, 
in  a  single  cylinder,  from  the  shortness  of  sti'oke  and  rapidity  of  reci- 
procation, and  the  construction  of  the  valve  motion;  but  the  ultimate 
extent  to  which  it  could  be  carried  would  be  limited  by  the  mainte- 
nance of  the  blast,  which  requires  that  the  jets  of  steam  discharged 
from  the  cylinder  into  the  blast-pipe  should  not  be  reduced  below  a 
certain  pressure  at  the  moment  of  discharge.  Otherwise,  the  limit  to 
which  expansion  might  be  carried  would  be  the  resistance  of  the 
atmosphere  to  the  discharge  of  the  steam,  added  to  the  friction  of  the 
engine,  say  about  10  lbs.  per  inch  above  the  atmosphere. 

The  steam  is  cut  off  usually  by  the  link  motion  at  from  -^rd  to 
Brda  of  the  stroke,  and  the  steam  is  consequently  discharged  into  the 
blast  pipe  at  about  from  30  to  60  lbs.  pressure  above  the  atmosphere, 
supposing  it  to  be  supplied  to  the  cylinders  at  100  lbs.  per  inch  above 
the  atmosphere. 

It  appears  that  the  lower  of  these  pressures  is  sufficient,  or  more 

than  sufficient,  for  the  purposes  of  the  blast,  to  maintain  fully  the 

native  power  of  the  boiler  under  general  circumstances,  and  that 

a  portion  of  the  steam  discharged  can  be  spared  from  the  blast  to  be 

subjected  to  a  greater  extent  of  expansion. 

In  the  Continuous  Expansion  Engine,  the  subject  of  the  present 
Paper,  the  steam  from  the  boiler  is  supplied  only  to  one  cylinder ;  a 
portion  of  it  is  expanded  into  the  second  cylinder,  which  is  of  pro- 
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.  so  aa  to  «'<i>ialiM'  the  total  moriag  pom 
thr  two  ag  linden  ;  end  it  ii  then  further  expended  don  d  to  the  fullest 
.m. l  then  discharged  into  ih<-  atmosphere,  the  portion 
mi  remaining  in  the  Bret  cylinder  being  dieohaxged  ei 

at  nearly  the  .sain.'  pressure   a-    tin-   ordinary  engines.     Tin*  economy, 

theref  ieta  in  obtainingfrom  such  portion  of  theeteem  m 

be  spared  (rem  the  bleet  tin'  additional  power ol  expansion  remaining 
in  it,  which  i^  thrown  awaj  in  the  ordinary  «ngf«^ 

l      .  1  and  2,  Plate  52,  shew  the  Oontinnoaa  Expansion  Engine 
plied  to  a  Locomotive.     A  is  the  first  cylinder  into  which  the 

steam  is  admitted  from  the  Bteam  pipe,  ' '.  bj  tin-  \  all  «■  1 K  in  tin1  same 
manner  as  in   the  ordinary  engines,     Tin-  steam  is  cut  off  at   half 

stroke,  and  a  eonnnunieatioii  is  then  opened  with  the  seoond  cylinder, 
]>,  through  the  paasages  II  and  F.  by  the  opening  of  tin-  slide  valve  G. 
The  seoond  cylinder,  !'•.  is  about  double  the  area  of  the  first  cylinder, 
and  the  same  length  of  stroke,  but  the  cranks  are  set  at  right  angles, 
BJ  in  ordinary  locomotives ;  consequently,  at  the  moment  of  the  steam 
•  d  into  the  second  cylinder  from  the  first,  the  piston  of 

the  eeoond  cylinder  is  at  the  commencement  of  its  stroke. 

* 

The  steam  oontinuee  expanding  in  the  two  cylinders,  until  the 
first  piston,  A,  has  nearly  completed  its  stroke,  when  the  valve,  G, 
shuts  off  the  communication  between  the  two  cylinders,  and  the  valve, 
I '.  the  exhaust  port,  and  communicatee  with  the  blast-pip 

discharging  the  steam  remaining  in  the  cylinder,  A,  to  form  the  Mast 
in  the  ordinary  manner.   Xheseoond  piston,  B,  has  then  arrived  nearly 

at  half  stroke,  and  contains  nearly  one  half  of  the  total  quantity  of  steam 

..ally  admitted  to  the  first  cylinder ;   this  steam  is  further  axpe 
to  the  end  of  the  stroke,  and  then  discharged  into  the  blast  pipe,  L, 
by  the  valve,  E,  opening  the  exhaust  port. 

The  return  stroke  of  both  pi  lOtly  similar  to  the  foregoing, 

bo  that  about  i  cylinder  full  of  bJgh-preesure  ateam  (or  such  otherportion 

as  BBS>;  ired)  is  supplied  to  the  first  cylinder  at  each 

•  of  that  steam  is  <i.  I  at  the  pn  uiivd 

to  produce  the  blast,  and  the  remainder  of  the  xpanded  down 

in  the  second  cylinder,  so  as  to  give  out  all  the  available  power  reinain- 
tn  it. 

For  the  purpose  of  enabling  the  engine  to  exert  an  increased  | 
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mired,  at  the  time  of  starting  a  train  or  otherwise,  the  slide  valve, 

l  .   P,  to  do -••  i be  oommunioation 

the  two  oylindera  for  a  shorl  time  when  required;  and  the 

iler  is  then  admitted  by  a  pipe  and  cook  into  the 

md  cylinder,   B,  which  is  then  worked  Lnde- 

.ti\  of  th  ylinder,  like  an  ordinary  engine. 

I  lantiiy  of  steam  or  of  coke  required  bo  perform 
work  in  the  BeveraJ  engines,  under  the  circumstances  Btated 
.  by  calculation  as  follows  :  — 

1      tinuous  Expansion  Engine 100 

Ordinary  Engine,  cutting  off  at  £rd  stroke    .     .     I-11 
1'/  ilitto,  ditto  £      stroke     .      .      154 

1  mm         dii  |rds  stroke  .     .     185 

Ditto         di-  ditto         ;ilis  stroke  .     .     220 

the  relative  economy  in  the  employment  of  the 

.  iii  the  several  engines  \  consequently,  the  ordinary  Engine,  with 

the  I  E  expansion,  or  cutting  off  the  Bteam  at  '.rd  of  the 

20  per  oi  at.  more  coke  than  the  Continuous  Expansion 

no,  to  >l>  tin  k.  and  froni  ")1  to 85  i)crccnt.  more  coke 

with  tin.-  more  osual  d<  «  cpansioo  ;  and  an  Engine  cutting  off 

the  steam  at  only  ^th  of  tl  from  the  termination,  as  many 

formerly  made,  would  consume  120  per  cent,  more  coke 

•rk. 

plan  has  been  tried  upon  two  locomotives  with  satisfactory 
results,  and  the  blast  was  found  to  1"-  quite  sufficient,  but  the  trial  has 
ly  complete  to  afford  a  definite  comparison  of  con- 
sumption. 

In  the  application  of  the  Expan  ion  principle  to  Stationary  Engines, 

,  kition  in  t he  moi  ing  power 

.and    the   limits   within    which   it  is 

mpanying  dia- 

l  iriation  in  the  moving 

id  i b<  i  nd  (if  (he 
both     ami  id  on 

of  the  diagrams  will  show 
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Th.'  total  variation  from  the  average  power  .       -13  per  cent. 

me  variation 180  percent. 

i  shows  in  a  corresponding  manner  tke  variation  of  moving 
r  throughout  the  stroke  in   the  Continuous   Expansion  Engine, 
where  the  steam  is  out  off  a1  half  Btroke  in  the  iirst  cylinder,  and 
expanded  in  the  larger  cylinder  down  to  the  limit  of  useful  effect. 
The  total  variation  from  the  average  power  is  only  .     13  percent. 

The  extreme  variation 55  percent. 

quently  the  total  variation  in  the  moving  power  in  the  Cornish 
ie  is  3  \  t'  it  as  that  in  the  Continuous  Expansion  Engine, 

and  the  extreme  variation  is  3^  times  as  great. 

lotted  line,  B  B,  in  Fig.  3  shows  the  effect  of  coupling  together 
two  Cornish  engines,  exactly  similar  to  that  shown  by  the  full  line  in 
Kg.  8, 1     t  of  half  the  total  power  each. 
The  tofal  variation  from  the  average  power  Is  .     .     20  percent. 

The  extreme  variation 58  per  cent. 

the  total  variation  in  the  moving  power  heing  1|  times  as  great  as  in  the 
t  -  Expansion  Engine,  and  the  extreme  variation  about  equal. 

This  arrangement  would  of  course  be  much  more  expensive  than  the 
Continuous  Expansion  Engine,  as  it  involves  two  complete  engines. 

Fig.  5  shows  the  variation  of  moving  power  in  a  Woolf  s  double 
cylinder  engine,  where  the  pistons  work  simultaneously  in  the  two  cylin- 
ders, commencing  each  stroke  together,  and  the  steam  is  cut  off  at  half 
stroke  in  the  first  cylmder,  and  afterwards  expanded  in  the  larger  cylinder 
down  to  the  limit  of  useful  effect,  as  in  the  foregoing  Cornish  Engine. 
I  J.    variation   from  the  average  power  is    .     27  per  cent. 

The  extreme  variation 90  per  cent. 

conserjently  the  total  variation  in  the  moving  power  is  2  times  as 
as  in  i  lie  ( Continuous  Expansion  Engine,  and  the  extreme  variation 
1     '  ''at. 

1  line,  FF,  on  Fig.  4  shows  the  effect  of  coupling  together 
two  of  the  Continuous  Expansion  Engines  at  righl  angles  to  each  other, 
and   the  v< -suit  of  this  arrangement  is  a  remarkably  near  approach  to 
iformity  of  moving  power. 
total  variation  from  tin.'  average  power  is  only  .     3  per  cent. 
The  extreme  variation 8  per  cent. 
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The  dotted  line,  IT         I 
effect  of  ooupling  together  din  e  i  f  the  ( !oi :.;  h  Engines  witl, 
to  eeoh  other. 
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1  by  the  dotted  line,  F  1\  tl  ipling 
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ae. 

The  comparative  amount  of  work  performed  by  tl 
with  the  h  ruse,  onder  the 

otrcumstsj  taking  the  pressure  of  the  tteem  ad- 

mitted to  the  first  cylinder  at  50  Iba.  per  inch  above  the  atmosphere, 

il  given  by  calculation  as  follows  : — 

Continuous  Expansion  Engine 100 

109 

Cornish  Engine Ill 

The  general  result  of  the  above  comparisons  is,  that  the  Cor 
ie  is  11  per  etnt.,  and  Wool f  9  1  more  eco- 

uonilcal  in  expenditure  of  fuel  than  the  Continuous  Expansion  En 
when  the  expansion  of  the  tteam  is  oarried  to  the  extreme  limit  in 
:  but  that  this  economy  cannot  be  practically  in 

two  engines,  on  account  uf  the  great  irregularity  in  their  nv 
gularity  being,  in  the  Cornish  Engine  T. 
and  in  H  Engine  14  per  onti  than  in  1       CSoo 

tinuous  Expexi  auJ  the  exaresM  134 

■  '•5  per  cent,  respectively  gr\  . 

CVmaeqnenUy  it  that,  although  the  expansion  of  tli 

cannot  be  theoretically  carried  to  so  gi  I    mtinuous 

.s  in  the  other  •  from  the  i 

_r  so  much  more  uniform  throughout  the  stroke,  I 
can  be  carried  practically  to  a  considerably  :.d  ■ 

I 
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tor  amount  of  economy  may  be  practically  obtained  within  the 
Bame  limit  of  uniformity  in  the  moving  power. 


A  working  model,  one  third  sizo,  of  the  engine  as  applied  to 
a  !    oomotive,  was  exhibited  to  the  Meeting. 

Mr,  E.  Jones  observed  that  the  engine  appeared  to  be  a 
step  quite  in  the  right  direction,  but  further  practical  trial  was 

requisite. 

Mr.  Peacock  wished  to  know  the  particulars  of  the  trials 
that  had  been  made. 

The  Chairman  suggested  that  the  discussion  should  be 
adjourned  to  the  next  meeting,  as  Mr.  Samuel,  who  had  intended 
to  be  i  resent,  was  unexpectedly  prevented  from  attending.  He 
proposed  a  vote  of  thanks  to  Mr.  Samuel,  which  was  passed. 

The  CHAIRMAN  announced  that  Mr.  Prosser,  of  Birmingham, 
had  kindly  sent,  for  the  inspection  of  the  Members,  the  portrait 
of  Papin  that  was  exhibited  to  the  Meeting. 

The  Meeting  then  terminated  ;  and  in  the  evening  a  number 
of  the  Members  and  their  friends  dined  together,  according  to 
custom,  in  celebration  of  the  fifth  Anniversary  of  the  foundation 
of  the  Institution. 

Mr.  Geach  announced  that  the  Committee  formed  for  carry- 
ing out  the  Monument  to  the  late  George  Stephenson,  had  made 
final  arrangements  to  erect  a  marble  statue  in  the  centre  of  the 
large  entrance  hall,  at  the  Euston  Station,  as  the  metropolitan 
terminus  of  the  system  of  railways  of  which  he  had  been  the 
originator.  The  Directors  of  the  London  and  North  Western 
Railway  had  kindly  given  their  sanction  to  this  proposal,  which 
had  met  with  general  approval  amongst  the  Subscribers,  and 
the  Committee  had  obtained  subscriptions  amply  sufficient  to 
carry  out  the  intention.  A  very  gratifying  feature  in  the  sub- 
scription was,  the  large  number  of  working  mechanics  who  had 
joined  in  promoting  the  object. 
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■  l   I'.\.  !M    Boixj        parti  motion — form — h< 
surface—               osumption   of  fuel 

-.  high    pressure    :iri< I 
ion    of  boi 
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'    : 

:  apparatu 
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it — power    obtained    by  various    plana — compariaon  "f  double 

and  single  cylind  - — comparatiye  advantage!  of  direct- 

actu  j  .'S — indicator  figu  with 

Us  of  useful  effects,  consumption  of  fuel,  ..•ributions 

of   indicator  figures  for  a  general  1 k  of  reference  to  be  kept 

in  the  Institution. 
Pmcpora   Engines,   particalars   of    various  constructions  —  si. 
cylin  :inute,  and  hone  power — number  an  I 

of  pumps,  anil  strokes  per  minute — application  of  pomps — fen 
draining  engines — comparative  advantages  of  Booop  wheels 
trifogal  pomps,  fax 
Blast  Engines,  best  kind  of  engine — size  of  cyli  kes  per 

minute,  and  rear — nomber  of  boilei  £  blowing 

cylinder,  and  |  er  minute — means  of  regulatin. 

— hnpro  ylinders — rotary  blowing  niachines. 

Marine    Engines,    power  of   engines   in   proportion    to   tonn •■_ 
•   constructions  of   engines — comparative  eeonomi 
durability  of  different  boilers,  tobolar  boilers,  flat  due  boilers, 
Ate. — weight  of  machinery  and   boilers — kind   of  paddle  wheels 
— speed  obtained  in  British  war  steamers,  in   British  mei 

::iei-s,  and  in  Foreign  ditto,  with  particulars  of  the  construc- 
tion of  engines  with  paddle  wheels,  ic. — screw  propellers,  par- 
ticulars of  different  kinds,  number  of  arms,  material,  means 
for  unshipping,  horse-power  applied,  speed  obtai:.  n  of 

vessel. 
Rotary  Engines,   particulars  of  construction  and   practical   appli- 
cation—details of  the  results  of  working. 
Locomotive  Engines,   express,    passenger,   and   luggage   engines — 
particulars  of  construction,  det  periments,  and  results 

ines,   cost,   po  _bt,  steadiness 

— consumption  of  fuel  —  heating  surface,  length  and    diameter 

of  tubes — experiments    on  sire  of   tubes  and   blast-pipe — com- 

kse  of  working  and  repairing — bed  -tons, 

rah 
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r       nes,  :{\\<]  Engines  worked  by  Gas,  Gun-cotton,  or  other 
explosive  compounds. 

Ki  1 1  mo  Magnetic  Engines,  partioulars  and  results. 

WATEB  W^HEELS,  particulars  of  construction  and  dimensions — form 
and  depth  of  backets — Lead  of  water,  velocity,  per-centage  of 
power  obtained — turbines,  construction  and  practical  applica- 
tion, power  obtained,  comparative  effect  and  economy. 

Wind  Mills,  particulars  of  construction — number  of  sails,  surface 
and  form  of  sails — velocity,  and  power  obtained — average 
number  of  days'  work  per  annum. 

Corn  .Mills,  particulars  of  improvements — power  employed — appli- 
cation of  steam  power — results  of  working  with  an  air  blast  and 
small  stones — advantages  of  regularity  of  motion. 

SUGAA  Mills,  particulars  of  the  construction  and  working — results 
of  the  application  of  the  hydraulic  press  in  place  of  rolls. 

Saw  Mills,  particulars  of  construction — mode  of  driving — power 
employed — particulars  of  work  done — best  speeds  for  vertical 
and  circular  saws — form  of  saw  teeth — saw  mills  for  cutting 
ship  timbers — veneer  saws. 

Oil  Mills,  facts  relating  to  the  construction  and  working,  by 
stampers  and  by  pressure. 

Cotton  Mills,  information  respecting  the  construction  and  arrange- 
ment of  the  machinery — power  euvployed,  and  application  of 
power — cotton  pi'esses,  mode  of  construction  and  working, 
power  employed — improvements  in  spinning  and  carding 
machinery,  lire. 

Machinery  for  manufacturing  Flax,  both  in  the  natural  length  of 
staple  and  when  cut. 

Rolling  Mills,  improvements  in  machinery  for  making  iron  and 
steel — mode  of  applying  power — steam  hammers — piling  of 
iron — plates — fancy  sections. 

Stamping  and  Coining  Machinery,  particulars  of  improvements,  &c. 

Paper  Making  and  Paper  Cutting  Machines,       ditto        ditto. 

Printing  Machines,  ditto         ditto. 

Calico  Printing  Machinery,  ditto        ditto. 

Water  Pumps,  facts  relating  to  the  best  construction,  means  of 
working,  aDd  application — best  forms — velocity  of  piston — 
construction  of  valves. 

Air  Pumps,  ditto  ditto  ditto. 

Hydraulic  Presses,  facts  relating  to  the  best  construction,  means 
of  working,  and  application. 

Rotary  and  Centrifugal  Pumps,  ditto  ditto. 

Fire  Engines,  ditto  ditto  ditto. 

[CEfl  and  Sluice  Cocks,     ditto  ditto  ditto. 

Cranes,  ditto  ditto  ditto. 

"  <  ranes,  Hydraulic  Cranes,  Pneumatic  Cranes,    ditto. 

I.i i  rs  for  ralsingTrucks,<Sjc.  ditto  ditto  ditto. 

Lathes,  Planing,  Boring,  and  Slotting  Machines,  &c,  particulars 
of  improvements — description  of  new  self-acting  tools. 
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dill'erent  Mt 

h  water,  and  by  the  atmos- 
phere, kc— '.  ting  to  corrosion,  and  beat  moan  I 
prevention, 

vs  or  Mbtaue — beta  relating  to  different  alloys. 

Pbictioh  of  \ak:  .  relating  to  friotion  under 

.  ninrnmntaimia1    fi  ii  tiinn  of  iron,  braes,  copper,  tin,   i 

proportion  of    weight   to  rubbing  rarfaos— -best   fon 

journals,  and  construction  of  axle-1  .  —  lubrication, 

matftriafn  and  means  of  application,  and   reeulta   of   pra 

trials — Wst  plans  for  oil  M 

Iron    Roots,    partieulan   of   eonstruetion  for  differe:.  — 

durability     in     various    climates     and     situations — comparative 
weight,  and  durability — roofs  for  slips  of  east  iron,  wrought* 
iiun,  timber,  -:  construction,  form,  and  material. 

Fire-prouf    BuiLDnras,    particulars   of   construction — most  efficient 
plan — lvsults  of  trials. 

Chimnly  Stacks  of  la:.  rticulars,  mode  of  building 

are  and  durability — hullo w  bricks,  nre-brieks  and 
fire-4 

Woai — best  farm,  rise,  and  material  for  retorts — eonstni 
of  retort  ovens — quantity  and  quality  of  gas  from  different  coals 
— oil  gas,  wal  be. — improvements  in  purifiers,  condensers, 

and    gas    holders — wet   and    d.  ■ 

gas  exhauster — gi  ngth   and   durability',   and   eon- 

■traction  of  joints — proportionate  diameter  and  length  ■  I 
mains,  and  velocity  of  the  I  —  experiment  >  on  ditto, 

and  on  the  friction  of  gsa  in  D  .re. 

Wi  .  relating  to  water  works — application  of  | 

QOmy   of  working — proportionate   diameter   and   ]■ 
of   i  on    tin- 

ion  through  pip's — strength  and  durabiltiy  of  1 
and  eonstruetion  of  joints — relative  advantages  of  ■taneVpipee 
and  air-vessi 
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I'ii  R8,  fixed  and  Boating,  and  Pontoons,      ditto        ditto. 

I  >i:i\  in<;   A  vv  LRATUS,  particulars  of  improvements — use  of  steam 

power     Pott's  apparatus — the  compressed  air  system, 

doing   Machines,  particulars  of  Improvements— application  of 

dredging  machines— power  required,  and  work  dona 

Diving  Bells  and  1>i\ing  Dresses,  facts  relating  to  the  best  con- 
struction. 

n  uiD  Wrought-Iron  Lighthouses,     ditto       ditto. 

Mining  Operations,  tacts  relating  to  mining — means  of  ventilating 
mines,  use  of  steam  jei  and  ventilating  machinery — mode  of 
raising  materials — mode  of  breaking,  pulverizing,  and  sifting 
various  descriptions  of  ores. 

BLASTING,    facts    relating    to    blasting    under    water,    and    blasting 
orally — use  of  gun  cotton,  &c. — effects   produced   by  large 
and  small  charges  of  powder. 

Blast   Furnaces — consumption  of  fuel  in  different  kinds — burden, 
make,   and  quality  of  metal — pressure    of    blast — horse-power 
ired — economy  of  working— improvements  in  manufacture 
of  iron — comparative  results  of  hot  and  cold  blast. 

Puddling  Furnaces,  best  forms  and  construction,  <fcc. 

Beating  Furnaces,  best  construction — consumption  of  fuel,  <fec. 

it-     FORGES,    best   construction — size   and   material — power   of 
blast. 

Smiths'  Fans,  and  Faxs  generally,  best  construction,  form  of  blades, 
.  with  facts  relating  to  the  amount  of  power  employed  and 
the  per-centage  of  effect  produced. 

Coke  and  Charcoal,  particulars  of  the  best  mode  of  making,  and 
construction  of  ovens,  &c. 

Railways— construction  of  permanent  way — section  of  rails,  and 
mode  of  manufacture — experiments  on  rails,  deflection,  dete- 
rioration, and  comparative  durability — material  and  form  of 
sleepers,  size  and  distances — improvements  in  chairs,  keys, 
and  joint  fasteni] 

Swra  BEfi  and   Crossings,  particulars  of  improvements,  and  results 
of  working — advantage,  obtained  by  steeling  points  and  tongues. 
■  rABLES,  particulars  of  various  constructions  and  improvements. 
Signals  for  Stations  and  Trains,  ami  self-acting  signals. 
KB  tor  Carriages  and  Waggons,  best  construction. 
Buffers  f"i  Carriages,  &c,  and  Station  Buffers— different  constnic- 
tion  and  materials. 

&c,  bulling  and  bearing  springs — particulars 

of  different  constructions,  and  results  of  working. 

Railway  Wheels,  wrought-iron,   cast  iron,   and   wood — particulars 

of  different  constructions,  and  results  of  working — comparative 

and  durability— wrought-iron  and  steel  tires,  compara 

and  results  of  working — solid  wrought-iron  wheels. 

Raii  description,   form,   material,   and   mode   of 

Ui;:  — comparison  of  solid  and  hollow  axles. 
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PROCKKDINGS 


Tin:  Id    at  the 

aingham, 

i.r., 

it,  in  the  Chair. 

the  last  read  and 

confirm 

lh  anooanoe  I  th  Ballot  papers  had 

■  appointed  for  the  purpose,  and  the 
following  ii       M  : — 

M-    .'•  rs  : 

Thomas  T.  Chelldvowobth,  Oldburj. 

".i'kl  11.  F.  »ldbury. 

EBT   Goi 

Josh  H.   Poster,  Birmingham. 

iipb  W.   W.  >1  Lbury. 

Wn  L  Whvtuuu  Ion. 

William  B  .   Birmingham. 


The  following  supplementary  pa]  Ir.  Jam 

.  ndoBj  wai  then  read,  in  oontinui  •  r  read  at 

the  former  .V  on  January  28th,  and  adjourned  : — 

ON    A  CONTINUOUS    EXPANSION   STEAM    ENOINX 

..as  aj»j ■'. 
(as   t  il    in    t!.  tper,    see    Proceei. 
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January,  L852,)  is  to  obtain  a  greater  amount  of  work  from  the 
Bame  expenditure  of  steam  or  fuel  than  could  be  obtained  from  the 
present  locomotive  engines.  It  was  pointed  out  that  the  extent  to 
which  the  expansion  of  the  steam  could  ho  carried  was  limited  in 

the   present    locomotives,  b\    the   necessity   of  maintaining   a   certain 

amount  of  pressure  in  the  steam  at  the  moment  of  discharging  it 
into  the  atmosphere,  for  the  purpose  of  producing  an  efficient  blast 
to  maintain  the  intensity  of  the  fire.  It'  it  were  not  for  this  circum- 
stance, which  prevented  the  expansion  of  the  the  steam  being  carried 
in  the  cylinders  beyond  about  301bs.  per  inch  above  the  atmosphere, 
the  expansion  might  be  continued  nearly  clown  to  the  atmosphere, 
and  most  of  the  301bs.  so  lost  would  be  then  made  available  as  ad- 
ditional power  obtained  from  the  same  steam.  But  the  author  of 
the  paper  hail  found,  from  experiments,  that  in  the  ordinary  work- 
ing, a  portion  of  the  discharged  steam,  probably  as  much  as  one-half, 
could  be  spared  from  tin  blast,  provided  the  remainder  was  dis- 
charged at  the  full  pressure  of  oOlbs.,  and  he  therefore  retained  that 
portion  of  the  steam  in  his  engine,  and  caused  it  to  expand  nearly 
down  to  the  atmospheric  pressure  before  it  was  discharged.  This 
was  aec.iiipli.-hed  by  admitting  the  steam  from  the  boiler  only  to 
one  of  the  cylinders  of  the  locomotive,  where  it  was  cut  off  at  about 
half  stroke,  at  which  point  the  second  cylinder  was  just  commenc- 
ing its  stroke,  (the  two  cranks  being  at  right  angles,  as  usual.)  and 
a  communication  was  then  opened  by  the  slide  valve  with  the  second 
cylinder,  which  was  made  from  two  to  three  times  the  area  of  the 
first  cylinder.  The  steam  was  then  expanded  in  both  cylinders 
simultaneously,  until  the  communication  between  them  was  closed, 
and  the  steam  in  the  first  cylinder,  was  discharged  as  the  blast, 
whilst  that  in  the  second  cylinder,  which  had  still  half  its  stroke  to 
perform,  was  further  expanded  down  to  the  lowest  point  of  efficiency. 
By  this  means,  it  was  shown,  a  saving  in  consumption  of  steam  and 
fuel  of  20  per  cent,  would  be  effected,  compared  with  the  most 
economical  working  that  could  be  maintained  practically  in  the 
ant  engines,  to  perform  the  same  work;  whilst  it  would  require 
120  per  cent,  more  fuel  to  do  the  same  work  with  an  engine  that 
did  not  work  expansively,  and  only  cut  off  the  steam  at  one  inch 
from  the  end  of  the  stroke,  as   many   locomotives    were   formerly 


l'.v  the  »«•»••  »n.  1  <-\  Under  I  I <>"'> 

to  the   diffen  i  cylinder  I    the 

iiower  upon  i  Q  the  ordinarj 

M 
the  boiler  oouM  be  admitted  •  the  second  cylinder  b; 

bad  been 
nude,  which  showed  that  the  engines  were  not  deficient  in  ■( 
from   the   alteration   of    the   blast,   although    working   the   regular 
passenger  and  .  it  full  speed.     There  had  not 

an   opportunity    for    making   sufficiently   complete   ezperii 
the  relatu  my,  but  the  consumption  of  fuel  e 

kbly  with  the  ordinary  i 

\'.  of  the  relatiye  amount  of  duty  obtai 

from  the  aame  quantity  a  when  employed  in  these  •  1  i 1 1 • 

wn  by  the  approximate  Endioati  1.  -. 

I,  which  have  been  carefully  drawn  out  from  comparison 
with  actual  indicator  diagrams,  taken  from  locomotr  -  to  allow 

correctly  for  the  pressure  of  the  exhaust  and  compression,  and  the 

i rawing  of  the  va! 

i    i    ..  :'.rnianceof  the  steam  in  an  Ordinary  Engine, 

with  two   15-inch  cylinders—  353-4:  square  inches  area,  and  '1 4  inch 

ike,  at  A. 
The  pressure  of  the  steam  u  100  lbs,  per  inch  shore  the  atmosphere, 

but  i  wing  to  i.'2  lbs.  at   the  point  of  cutting  off,  so 

that  the  dotted  line  AT.  repn  actual  quantity  of  -team  supplied 

to  the  two  cylinder!  I  X  -  inches  =  2S27cul># 

in.  at  92  lbs.  per  inch. 

In  this  case,  and  in  the  other  two  d  the  compression  C  has 

been  made  exaetlj  to  till  up  the  ports  and  'irely 

an,  for  the  purpose  of  simplifying 
comparison  without  inu  with  the  .It,  so 

that  the  steam  consumed  in  each  sal  to  the  extent  of 

point  of  cutting  off  the  steam. 
The  s(  rhaustod  at  1>.  having  ;  down  to  28  lbs. 

it  which  ;  the  blast, 
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The  back  d  al  51ba  per  inch  at  full  speed     Bay  forty 

milea  per  hour,  from  the  end  of  the  exhaust  to  the  beginning  of  oom 

ire  throughout  the  stroke  =  G3*3  11  ib. 
uesative       „  ,,  „  10']  lbs. 


Total  effective  pressure  .  .  .  63' 2  lbs. 


Total  Power  =  358*4   in.  area  X  53*2  Lbs.  per  inch  =  18,801 


1   shows  the  performance  of  the  same  steam  (2827  cub.  in. 

.  per  in.)  in  the  Continuous  Expansion  Engine;  the   first 

cylinder  is  1  t7'8  Bq.  in.  area,  (or  ibout  13|  in.  diameter,)  and  the  second 

ler  is  three  times  the  area  =  I  \'-'<  1  sq.  in.  area  (<>r  about 23|  in. 

'■  .   - '  .  :  J  b  r  rl'he  steam 

' ',    inches,  or  about   H ids  of  the  stroke  of  the 

small  cylinder,  and  ai  1>  :it  1  inch  of  the  stroke  of  the  large  cylinder. 

The   dotted  lines    Ali    and  D,  added  together,   represent   the    total 

quantity  of  steam   admitted  in  each  stroke,  being  equal  to  the  line 

AB  in  Fig.  2. 

The  Bteam  is  expanded  in  both  cylinders  down  to  30  lbs.  per 
inch  at  the  points  E  and  F,  2  inches  from  the  middle  of  the  stroke 
oft!.  ylinder,  when  the  communication  is  shut  between  the 

two  cylh:  I   the  steam   in  the  first  cylinder  is  discharged  as 

.  amounting  to   44  per  cent  of  the  whole  quantity  of  steam 
the   pressure  of  301bs.j  being  a  little  higher  than 
the  pressure  of  the   blast   taken  in  the  ordinary  engine,  Fig.  2.  and 
about  half  the  quantity 

.   pressure  Q  in  the  small  cylinder  is  taken  at  dibs,  per 

inch,  the  same  as  in   Fig.  2  ;   but   the  steam  in  the  second  cylinder 

is  further  expanded  down  to  Tibs,  per  inch  above  the  atmosphere 

•  xhausted  at  If.  and  reduced  nearly  to  the  atmospheric 

id  of  the  he  back  pressure  I  being  taken 

h. 


' 




(lit  =  ; 


mi  X  7.  r  boh      .     .     ,  s  11 

in.  ana  X  -•  b         .      .      .    =    1  ! 


.333 


.     .     . 


1  l'.t 


in  =  l1.1  pa  i 

iitly  the  power  obtained  in  the  Continuous  Exp 

i  area  of  the  I  I   ..  1. 

■t<r  than  tin-  power  obtained  tVi.ni  tl 
1  in  the  Ordinar]  haded  area  <»t"  the 

2,  when  the  expai 
taeable,  •  tly  with  the  maintenaD 


power  obtained  from   the  same  quantity  of 

is   not  eat  off 
until  1  inch  from  the 

122  I  con- 

7  cub.  in.,  at  r  in.) 

tted  line 
sing  the  same  length  ai  in  tin-  l  ma. 

The  lack  preswiro  <;  ii  tak-  a  at  the  .  inch,  as  in 

the  fjr>t  case. 

The.  .Aiut   the  stroke   =   ;<7 

l'itlu         negative  di"  dir  =    14  i 


-sure 


inch   .    =    1' 
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Then  10,151    :  22,333  :   LOO  :  220 
Therefore  Gain  =  L  20  per  cent 
of  the  Continuous  Expansion  Engine  compared  to  a  Non  Expansive 
ine. 

In  the  Continuous  Expansion  Engine,  although  the  Becond 
cylinder  is  three  times  the  contents  of  the  lirsi  cylinder,  the  average 
pressure  is  about  one-third,  being  25 '9108.  compared  to  73*41bs.,  so 
that  the  total  propelling  power  of  each  of  the  cylinders  is  very 
nearly  equal,  as  in  an  ordinary  engine,  and  no  practical  objection 
asioned. 

The  application  of  the  principle  to  Stationary  Engines  was  de- 
scribed in  the  former  paper,  and  it  was  shown  to  be  a  means  of 
carrying  the  expansive  principle  to  a  greater  extent  than  is  prac- 
ticable in  the  present  engines,  thereby  proving  an  important 
source  of  economy,  because  of  the  great  uniformity  in  the  combined 
moving  power  of  the  two  cylinders  as  exerted  upon  the  crank  shaft 
in  a  rotary  direction,  on  account  of  the  cranks  being  at  right  angles, 
and  the  continuous  expansion  of  the  steam  in  the  two  cylinders; 
but  in  ordinary  engines  the  expansion  could  not  be  carried  so  far, 
where  uniformity  of  motion  was  requisite,  as  in  driving  machinery, 
because  of  the  great  irregularity  in  the  rotary  power  that  was  pro- 
ducedwhen  the  expansion  was  carried  far. 

The  comparative  effects  were  shown  by  a  series  of  diagrams,  of 
the  variations  in  the  total  amount  of  moving  power,  or  labouring 
force,  exerted  in  the  direction  of  the  rotary  motion  of  the  crank,  in 
the  Continuous  Expansion  Engine,  in  Woolf's  Double-Cylinder 
I  .  and   in  the  Cornish  Engine,  taking  the  steam  in  each  case 

to  be  admitted  at  501bs.  per  inch  above  the  atmosphere,  and  ex- 
panded down  to  the  lowest  useful  pressure  before  it  is  condensed. 
The  following  comparative  results  were  obtained: — 


Average  amount  of  irregularity  in  moving  / 

r.  throughout  each  stroke    .  .  . 
Extreme  irregularity  during  the  stroke  .    . 
Comparative  amount  of  work   done    by  ) 
the  in  or  fuel ' 


nous 

Expansion 
Engine. 

Vfoolffl         Cornish 
Engine.       Kngine, 

100  — 

114  —  130 

100  — 

135  —   234 

100  — 

109  —  111 

17 

OtU  in   *x]»*ii. i 

limit   in 
ly  in 

I  : 
I 
. 

I  tint,  although    tl 

at   in   the 
Continoou 

jliollt 

[•ably 

.illli.Ullt     I 

Lned  within  tin-  same  Urn  iformtiy  in  tL 

The  oom]  atinuous   Expansion   El 

an  ordin  in  which  I 

-  a  uniform  pressure  upon  the  piston,  from  tin-  oomm 

!iu\vb  that  the  variation  in  tin-  develop- 
throoghoat  one  revolution,  is  in  tin-  former 

ml   in    the  hi'  I  i  aiia- 

iwer. 

of    the  two  mount  of 

duty  from   tl.'  •  it v  uf  fuel  in 

. 

ith  a 

uniform  moving  power,  and  with  un-1. 


The  Chairman  i  r  vraa 

inten  .  I  important, and  it  was  well  .!•  u"h 

■ 
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investigation.     He  enquired  whether  any  indicator  cards  had 
taken   from  the   engines  that  were  altered,  to  show  the 
actual  results  ? 

Mr.  Sahubl  replied,  thai  the  trials  made  were  incomplete, 

and  he  had  net  had  an  opportunity  of  taking  indicator  diagrams 
from  the  engines,  nor  of  carrying  out  the  trials  sufficiently  to 
obtain  comprehensive  results  suitable  for  laying  before  the 
[nstitution.  One  of  the  engines  tried  was  a  Goods  Engine  of  the 
largesl  .  on  the  Eastern  Counties  Railway;  the  valves  only 
were  altered,  and  the  second  cylinder  was  not  enlarged.  It  was 
only  a  temporary  experiment,  which  of  course  caused  a  reduc- 
tion in  the  extreme  power  that  the  engine  could  exert,  and  the 
object  was  mere  particularly  to  see  how  the  principle  could  be 
best  carried  out  in  practice,  and  whether  the  proposed  reduc- 
tion in  the  blast  could  be  effected:  the  result  was  a  saving  of 
12  lbs.  of  coke  per  mile  in  consumption. 

The  Chairman  remarked,  that  the  steam  was  only  supplied 
to  one  cylinder  instead  of  two,  and  therefore  so  much  less  con- 
sumption of  steam  would  take  place. 

Mr.  Samuel  explained,  that  the  engine  did  the  same  usual 
work  during  the  trial  as  before  ;  the  engine-driver  could  work 
the  engine  in  the  ordinary  manner  up  the  inclines,  by  shutting 
the  communication  between  the  two  cylinders,  or  the  engine 
could  not  probably  have  taken  the  load  through  the  trip,  but 
he  might  be  using  more  steam  than  usual  in  the  one  cylinder 
by  keeping  the  regulator  more  open. 

Mr.  E.  Jones  thought  the  proposed  plan  deserved  having 
careful  experiments  tried  :  the  diagrams  shown  were  theoretical, 
and  might  mislead  in  the  practical  results,  and  he  could  not  say 
how  tar  they  would  agree  with  actual  indicator  diagrams,  and 
he  hoped  a  full  trial  would  be  made  of  the  engine. 

The  Chairman  considered  it  very  desirable  that  the  prin- 
ciple should  be  fairly  tried;  it  seemed  a  good  idea,  and  well 
worth  being  thoroughly  worked  out. 

Mr.  MoCoNNBLL  obsarved,  that  he  had  doubts  whether  an 


.  ii-in l:   much 
sufficient  blast  if  altered  in  the  proposed  maimer,  and  would 

the  blast-pir^  to  be  reduced,  involving  a  lo 
from  that  cat 

Mi-.  S  lied,  that  in  the  two  •  'hat  had 

I  do  difficulty  appeared  in  making  steam,  ami  they  wen 
found  short  of  steam.     Goods  engines  working  at  -!• 
might  perha]  md  the  most   aseful  cases  f<>r  applying  the 

principle.   The  other  engine  that  had  been  tried  was  a  | 
engine,  in  which  tin-  second  cylinder  was  made  double  the 
of  the  Bret;  am!  it   was  never  found  short  of  steam,  though 
running  an  express  train  <■!'  considerable  weight.    The  results 
of  the  experiments  a-  t<>  economy  were  interfered  with  by  a 
t  in  tin-  construction  <■('  the  rarres,  which  tried  with 

india-rubber  packing  at  the  back,  ailibrium  valves,  and 

proved  leaky  in  working;  and  then-  was  not  an  opportunity  of 
oarrjing  out  the  experiment  further  with  valves  of  the  ordinary 
kin d,  <n  that  n>>  sufficient  results  were  obtained  as  to  consump- 
tion, though  a-<  long  as  tl  -  remained  in  order  the  engine 
contrasted  favourably  in  consumption  with  other  engines  of  the 
:id    work.      The   only   definite   re-nlt   obtained    was 

with  respect  to  the  sufficiency  of  the  blast,  which  proved  quite 
{factory  during  th<  train  work  of  about  a 

month. 

Mr.  McCoNNELL  thought  there  would  be  an  advantaj! 
the  relative  consumption  of  fuel,  from  the  engine  employing 
11  with  the  same  boiler,  as  he  considered  it  was  an 
important  source  of  economy  of  fuel  to  increase  the  heating 
surface  in  proportion  t"  the  consumption  of  the  cylinders,  parti- 
cularly in  the  large  go<  nee. 

The  t'HAiKMAN  o  ,  there  was  some  uncertainty  from 

the  form  of  the  experiment  whether  the  economy  observed  was 

due  to  an  improved  mode  of  employ  ing  the  steam,  or  was  caused 

rer-working  the  boiler  j  it  tees  work"  trmedby 

the  engine,  then  less  -tram  was  wanted  from  the  boiler  in  the 
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Bame  time,  and  the  smaller  quantity  of  steam  would  be  generated 
more  economically  from  the  same  firegrate  and  heating  surface. 

Mr.  M<  CoNNELL  remarked,  that  groat  care  would  be  required 
in  Betting  the  valves,  t<>  insure  the  proper  action  of  the  steam  in 
the  two  cylinders;  and  it  would  he  more  important  than  in  the 
case  of  tin1  ordinary  slide-valves,  for  the  valve-gearing  to  be 
kept  in  perfect  adjustment. 

Mr.  P.  K.  Clare  (ofEdinburgh)  observed,  in  reference  to  the 
correctness  of  the  conclusions  to  be  drawn  from  the  artificial 
indicator  diagrams  that  were  exhibited,  that  although  they  were 
artificial,  they  were  founded  on  actual  diagrams  taken  from 
locomotive  engines,  and  therefore  legitimate  conclusions  could 
be  derived  from  them,  and  he  considered  they  might  be  relied 
upon.  The  hack  pressure  in  the  second  cylinder,  where  there 
was  no  Mast,  had  been  taken  in  the  diagram  at  only  half-pound 
per  inch,  and  would,  of  course,  require  to  be  matter  of  experi- 
ment to  prove  it  positively ;  but  he  had  observed  the  back 
pressure  as  low  in  locomotives  where  the  valves  and  ports  were 
properly  adjusted ;  and  in  the  diagram,  taken  from  the  Great 
Britain  engine,  at  fifty-five  miles  per  hour  (which  was  before  the 
Meeting),  the  back  pressure  was  less  than  half-pound,  with  a 
blast  pipe,  when  the  steam  was  cut  off  at  one-third  of  the 
stroke. 

It  had  been  assumed  in  the  paper,  that  the  steam  could  not 
be  cut  oft'  in  practice  at  less  than  one-third  of  the  stroke,  on 
account  of  the  blast,  but  he  had  found  it  cut  off  at  only  one-fifth 
of  the  stroke  in  engines  on  the  Caledonian  Railway,  and  even 
less  :  still  they  worked  well  and  appeared  to  make  steam  enough  ; 
but  then  it  was  certainly  down  the  heavy  inclines  where  the  con- 
sumption of  steam  was  small. 

The  Chairman  said  there  was  one  novel  circumstance  in 
the  arrangement  of  the  proposed  engine,  which  did  not  appear 
correct  in  theory  :  in  all  the  previous  double-cylinder  engines, 
the  first  piston  was  allowed  to  complete  its  stroke  before  the 
«r.  am  was  <  xpanded  into  the  second  cylinder,  but  in  this  engine 


.')  1 

the  steam  i-  pa-Til  into  tl  I  r\  linoVr  at  the  middle  of  the 

stroke  oi  the  Brat  .  thereby  taking  the  steam  awaj  al 

\ci\  inoiin  nt  that  it  i-  i j  1  * » — t  efficient  iii  the  until  cylinder. 

Mr.  EUmi  r  explained,  that  at  the  half  itroke  of  the  first 
j'i-t«-n.  the  second  piston  was  ii  it-  dead  point,  and  began  to 
more  rery  Jowly  when  the  communication  wai  opened  bet* 
the  two  cylinders,  and  consequently  took  rery  little  Bteam 
whilst  the  first  piston  moved  through  the  greater  portion  of  its 
remaining  stroke ;  but  then,  aa  the  Brat   piston  was  getting  less 

tive  and  approached  its  dead  point,  the  second  piston 
oame  gradually  into  full  aotion,  making  ■  eonftftatotti  expai 
action,  which  waa  the  peculiar  feature  of  this  engine,  inatead  of 
the  inttruittt, at  expansion  of  the  other  double-cylinder  engines, 
Tl i  i  -  waa  borne  out  by  the  diagram,  (Fig.  1.)  Bhowing  a  nearly 
continuous  line  of  expansion  (DF1I)  from  beginning  to  end  of 
and  the  great  uniformity  in  the  total  moving  power 
of  the  two  cylinders  waa  shown  in  the  former  diagram, 
(Plate  M.) 

Mr.  Si.Aii:  wiBhed  some  complete  experiments  should  be 
made  on  the  practical  effect  of  expansion;  he  waa  doubtful 
whether  ao  much  of  the  theoretical  advantage  could  be  obtained 
in  practice  as  had  been  supposed.  In  the  present  engine  he 
could  not  understand  the  advanti  employing  part  of  the 

:i  at  a  lower  pressure  in  a  larger  cylinder,  aa  he  thought 

would  cause  the  con-taut  resistance  of  the  atmosphere  to  be 
more  seriously  felt  If  tl"'  strain  were  employed  at  the  full 
pressure,  say  901be*,  in  the  small  cylinder  alone,  the  atmos- 
pheric resistance  would  only  cause  a  deduction  of  one-seventh 

of  the  whole  power;  hut  if  the  -train  were  only  :it  ahoiit  SOlbs. 

-ure  in  the  large  cylinder,  this  deduction  for  the  atmospheric 
iiM  be  increased  t<»  one-third  of  the  power.    H 

it  appeared  to  him  most  advantageous  to  employ  the  -team 
only  in  the  small  cylinder,  to  diminish  the  proportion  of  at: 
pheric  resistance  as  much  a-  possible.     He  thought  the  diagrama 

i.  though  borne  out  by  the  result-  of  calculation,  could  n<>t 


52  CONTINUOUS    EXPANSION   STEAM    ENGINE. 

be  anraed  from  Like  actual  indicator  diagrams  taken  from  the 
engine,  and  it  was  verj  desirable  for  those  to  be  obtained. 

Mr.  Samuel  Baid  be  had  given  the  besi  information  that  ho 
was  able  to  furnish  at  present  respecting  the  engine,  and 
wished  lie  could  have  supplied  more  practical  results.     He  fully 

ed  on  the  importance  of  a  thorough  practical  trial,  and  hoped 

that  he  had  brought  the  importance  of  (he  subject  sufficiently 
before  the  members  to  induce  such  of  them  as  had  the  oppor- 
tunity t<>  give  it  a  complete  trial. 

The  Chairman  remarked,  that  the  pressure  of  the  steam 
during  expansion  would  be  affected  by  the  condensation  that 
alwavs  took  place  to  a  considerable  extent  in  the  cylinder,  and 
the  expansion  curve  in  the  theoretical  diagrams  would  conse- 
quently require  practical  correction  for  the  condensation  and 
temperature.  There  appeared  to  be  always  some  condensation 
produced  when  steam  was  expanded. 

Mr.  Cowper  thought  the  expansion  curve  could  be  practi- 
cally laid  down  from  Pambour-'s  experiments,  as  the  actual  devi- 
ation in  practice  from  the  theoretical  rate  of  expansion  was  very 
little.  He  thought  there  would  not  be  found  to  be  any  loss  by 
condensation  in  a  well-protected  cylinder  ;  he  had  not  found  any 
condensation  to  take  place  in  the  experiments  that  he  had  tried 
on  expansion. 

The  Chairman  said  he  had  always  found  a  condensation 
take  place  in  expanding  steam,  and  he  considered  that  the  heat 
in  steam  was  not  sufficient  to  maintain  all  the  steam  in  a  gaseous 
state  during  expansion  ;  and  a  portion  of  it  was  consequently 
condense  d, 

A  vote   of  thanks  was  then  passed  to   Mr.   Samuel  for  his 
communication. 
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Professor  Daniell,  the  temperature  is  measured  by  the  expansion  of 

an  iron  bar  enclosed  in  a  oast-.  This  cast-  consists  of  a  bar  of  black- 
lead  earthenware,  in  which  is  drilled  a  hole,  y\ths  of  an  inch  in 
diameter,  and  ~,\  inches  deep.  Into  this  hole  a  cylindrical  bar  of 
platinum  or  boA  iron,  of  nearly  the  same  diameter,  and  fi£  inches 
long,  is  introduced  so  as  to  rest  against  the  solid  end  of  the  hole : 
and  upon  the  outer  <>r  free  end  of  the  metallic  bar  rests  a  cylindrical 
piece  of  porcelain  called  the  index,  1\  inches  long,  which  is  kept 
firmly  fixed  in  its  place  by  a  strap  of  platinum  and  a  little  wedge  of 
earthenware.  The  object  of  this  arrangement  is,  that  when  the 
instrument  is  heated,  the  metal,  expanding  at  each  temperature  more 
than  the  earthenware  ease,  presses  forward  the  index,  which,  in 
aquence  of  the  strap  and  wedge,  remains  in  the  place  to  which 
it  had  hem  forced  when  the  instrument  is  removed  from  the  fire 
and  cooled.  There  is  a  scale,  afterwards  attached,  for  measuring 
tin-  precise  extent  to  which  the  index  has  been  pushed  forward  by 
the  metallic  bar;  and  it  thus  indicates  the  apparent  elongation  of 
tin-  bar,  that  is,  the  difference  between  its  elongation  and  that  of 
tli>- 1. lack  load  case  which  contains  it.  "For  its  indications  to  be 
correct,  (namely,  that  equal  dilatations  should  indicate  equal  incre- 
ments of  heat),  it  is  necessary  that  the  bar  and  the  case  should 
expand  uniformly,  or  both  vary  at  the  same  rate.  But  as  regards 
the  black-lead  ease,  its  total  expansion  is  so  very  small  that  any 
want  of  uniformity  at  the  intermediate  points  cannot  be  detected. 
As  for  the  expansions  of  the  metallic  bar,  these  are  not  exactly 
uniform,  but  still  they  afford  a  good  practical  index  of  the  relative 
intensity  of  different  fires,  and  would  be  an  exact  measure,  if  the 

<•  rate  of  expansion  could  be  determined." — (Turner's  Chemistry.') 
Air  Pyrometer. — In  some  cases  the  measurement  of   high  tem- 

tres  has  been  attempted  by  means  of  a  hollow  sphere  of 
platinum,  fitted  with  an  escape  tube;  then  the  hotter  the  fire  to 
which  the  platinum  vessel  is  exposed,  the  greater  is  the  quantity  of 
air  driven  out  of  it;  and  this  is  received  over  water  and  measured. 
In  cases  where  this  instrument  can  be  conveniently  applied,  it  is 
capable  of  yielding  eery  accurate  results.  (See  experiments  of 
Pouillet,  tome  1,  p.  '351,  in  Elemem  de  Physique  et  de  Meteorologie.) 
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n  weight  of  and  expose  it  fora  fen  minutes  bo  t In* 

tiic  tin'  temperatun    of  which  i  i red,  and  then  pi 

it  into  a  \.-ss.l  contah  >  <(  a  determined  weight  and  tei 

ature,  and  alter  1 1  »* -  heat   i  oommuuicated  to  the 

the  h.:it«-.l   platinum,   mark   the    temperature  which   the    • 
attained :  and  from  this  is  estimated  the  temperature  to  which  the 
platinum   had   been   subjected.      Tims,    if    the   piece   of   platinum 
employed  be  1000  grains,  and  the  water  into  which  it  is  plunged  be 
us,  and  its  temperatu  bould  the  1»< -:it < -« I  platinum 

:   dropped  into  tl  its  temperature  then 

.  which,  multiplied  bj  2  wee  tin-  i 

the  *  the  platinum,)  gives  60  .  that  an  equal  weight  of  • 

would  have  b  i.     Again;  should  thewaten   in  another  case 

X  2  as 80°,  denotes  the  temperature  as  measured 
by  the  pyrometer.     To  convert  the  d  I  this  instrument  into 

lnvnliiit,  wr  must  multiply  by  31*26,  or  31i.  Thus, 
-  X  Ml  would  give  2500°  of  Fahrenheit.  Ami  60  X  81$  a 
1876°. 

The  multiplier  31*25  is  the  number  expressing  the  $pecific  heat 
terse  compared  with  that  pi  platinum,  the  latter  being  reganle.l 
as    1. 

In  order  to  obtain  very  accurate  results  by  this  method,  precau- 

similar  t<>  those  required  in  determining  the  specific  heal  <<( 

-  must  be  taken  ;  that  is,  it  i-  nainst  the 

heat  by    conduction  and  radiation.      The   apparatus 

by  the  author  is  shown  in  Figs.  -  ami  ;;.  1  oonsists 

of  a  polished  tinned  iron  ressel,  of  s  oylindriosl  form,  3  inches  deep 

and  2  inehes  in  diameter;  this  is  placed  \\  ithin  a  oonosntric  cylinder, 

rated  from   th<  •  1    ressel   about    \   inch.      Bv   this   means 

is  hut  little  heal  lost  'luring  the  experiment,  either  by  radiation 

or  conduction. 

e\l  th.'  author  i 

old  be  necessary  to  employ  a  considerable  proportion 
ami  therefore  took  twenty-five  tunes  th.-  weight  of  the  platinum; 
but  he  found  that  the  temperature  'mined  by  tbj  q  in 
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i  of  very  high  heats,  did  not  exceed    1    or  5°,  and  an  error  of 

rhen  converted  into  degrees  of  Fahrenheit,  amounted  to    100°. 

btain  results  within  much  narrower  limits  of  error,  ii  became 

obvious,  a  much  Bmaller  proportion  of  water  should  be  employed j 

and  ultimately  il  was  found  that  double  the  weight  of  the  platinum 

was  in  all  cases  sufficient. 

There  is  no  appreciable  loss  of  heat  from  the  evaporation  of 

i  when  the   hot  platinum    is   plunged    into    the  water  ; — there   is 
probably  no  actual   contact   with  the  water  until  the  platinum  is 

fairly  at  the  bottom  o{  the  Water.  It  is  in  tact  the  converse  of  drop- 
ping water  on  a  plate  of  platinum  or  iron  strongly  healed,  in  which 
the  wanr,  instead  of  being  suddenly  dissipated  us  steam, 
assume  s  the  spheroidal  form,  and  runs  about  over  the  plate  without 
coming  in  contact  with  the  heated  surface.  It  is  only  when  the  tem- 
perature of  the  metal  becomes  much  reduced  that  the  water  is 
rapidly  converted  into  vapour. 

But  whatever  may  be  thought  of  this  theory  of  contact,  the  fact 
:  tain,  that  there  is  no  necessity  to  increase  the  depth  of  the  vessel 
of  water  to  guard  against  the  loss  of  heat  by  evaporation,  or  the 
•e  of  any  bubbles  of  steam. 
In  ascertaining  temperatures  by  this  Pyrometer,  a  correction  has 
to  be  made  for  the  portion  of  the  total  heat  that  is  absorbed  by 
1st,  the  mercury  of  the  thermometer  in  the  water; 
2nd,  the  glass  bulb  and  stem  of  the  thermometer ; 
3rd,  the  iron  vessel  containing  the  water; 
4th,  the  heat  retained  by  the  piece  of  platinum. 
The  portion  of  the  total  heat  that  is  absorbed  by  these  several 
bodies,  compared  to  the  portion  received  by  the  water,  will  be  in 
proportion  to  their  several  weights,   and    the  specific  heat  of  each 
compared  with  water. 

Mercury  .    .  200  grains  X  3Vth  8Pecific  heat=7  g^^rf  water. 

Glass    ...  35      „      X    \  th          „              6 

Iron  .   .  .  .  G58       „       X   \  th           „             73 

Platinum    .  1000       „       X  g^nd          „             31                „ 

Total    ...      117 
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ind  glaas  of  the  thermometer,  and  of  tin-  Iroa   vessel,  are 

.<•  of  t lit*  results  obtained   by  thi 

In  the  experu  which    U.  the   uniting  ]>ointS  were 

aaoerta! !:•■.!   by  plaoim;  aboul    t*  fcaJ  in  I  oupel 

1  by  th'  ther  cup  ining  the  pieoe  of  pUv 

tinum  ; — tin*    moment    that    the    metal    I.,  came    lluid,    the    platinum 

was  withdrawn,  and  (he  temperature  m< 

he   platinum  and   the 

lv.  for  in  pome  eaeei  an  alloy  would  Iks  formed,  and  in 

ra    a   portion    of    the    melted    i  i  would    adhere    to    the 

platinum    and   lAd    the   results;    the   oloeefl    proodmii 

hut  ■  ist  be  avoided.     lu  lifting  the  pieoe  of  platinum,  a 

pair  •  is  employed  Heated  to  refutes,  to  prevent  any  abet 

tion  of  heat  daring  the  momentary  com. 

temperatures  of  melting  point-  in  degrees  of  fahrenheit. 
Wilson,  Pouillet,  Daniell, 

With  New  Pyrometer.     With  Air  Pyrometer.     With  Iron  Pyrometer. 

rer 1890°  ...  1832D  ...  187 

I  ...  ...  1996° 

Gr.  fron.  .  132  ...  2210°  ...  >0° 

peremelting 

Furnace 3128°  ...  ...  

Crown  Glass   .   .   .  2244°  ...  ...  

Flint  Glass  ....  21  ...  ...  

'16°  ...  ...  

As  the   piece  of  ylitinum   is   the  most   expensive  part   of  the 
it    il   proposed    that    for    practical    pafpONI  'v,    a 

small  pi.  >rbriJj'  ;  latinuin; 
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and  the  author  lias  found  b^  experiment,  that  a  pieoe  of  Stourbridge 
olay,  200  grains  in  weight,  when  heated   to  the  melting  point  of 

r,  and  then  plunged  into  tin*  tinned  vessel  containing  2000 
grains  of  water,  raises  the  temperature  of  the  water  1 1  . 

\  if  L890  Fahrenheit,  (the  melting  point  of  silver  Eound 
before,)  be  divided  by  41,  we  obtain  46   as  the  number  correspond 

UOg    to    1°  of  thifl    pyrometer]    and    i'i    will    therefore    he    the    correct 

multiplier,  and  no  corrections  are  required  Eor  any  heat  abstracted 
by  the  thermometer,  the  tinned  vessel,  or  the  pieoe  of  olay. 

T    B     temperature    Of    all    sorts    of    furnaces    and     (lues   of    steani- 

engines,  fax,  may  be  readily  ascertained  by  means  of  the  piece  of 
rbridge  day. 


Mr.  WnfiON  exhibited  his  new  instrument,  and  showed  the 
mode  of  using  it. 

The  CHAIRMAN  expressed  the  interest  he  felt  in  this  new 
pyrometer  thai    had    been   brought    before   the   meeting,  and 

idered  it  an  ingenious  and  ellicient  instrument,  lie  remem- 
bered having  a  conversation  with  the  late  Professor  Daniell  on 
the  subject  of  his  pyrometer,  and  expressing  a  doubt  of  the 
nearness  of  the  approximation  in  the  results  obtained  from  that 
instrument  ;  in  fact,  Buch  delicate  manipulation  was  required 
in  OBing  it.  that  it  was  scarcely  available  except  in  the  bands  of 
the  inventor  himself.  But  Mr.  Wilson's  instrument  was  so 
extremely  Bimple  in  the  construction  and  practical  application, 
thai  an  accurate  measure  of  the  quantity  of  heat  could  be  relied 
upon,  with  ordinary  care  in  the  employment  of  the  instrument. 

It  might  be  theoretically  considered,  that  quantity  of  heat 

was  a  different  point  from  intensity  of  heat,  as  in  the  ease  of 

voltaic  electricity,  the  difference  between  quantity  and  intensity 

known   to  be  bo  Btrongly  marked   in  the  different  effects 

I  :   and   this  pyrometer,  although  measuring  correctly 

the  relative  quantity  of  heat  required  to  melt  different  bodies, 

hi  give  far  from  a  correct  measure  of  the  relative  intensity 
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into  th.'  vessel  of  water,  without  being  tonched  by  any  other  I 
Mr.  squired  whether  the  pieces  of  day  could  be 

.  more  than  once,  on  account  of  cracking  when  plunged  into 

the  water:  and  whether  there  was  not  a  difficulty  in  obtain 

them  sufficiently  uniform  in  composition  and  in  specific  heat  to 

afford  a  correct  measure? 

Mr.  WlLBOH   replied   that  he  had   not  found  anv  difficulty  in 

using  th.-  ji.e-  i  and  had  used  th.  is  many 

time  without    an;.  .  1  do 

i  obtain  ordinary 

DOTS  olai  have  th  L      The  I  ould 

nut  «  0,  halt-an-inch   in  thiekn  nire 

the  olay  being  uniformly  heated  throughout,  as  it  s  .w  a 

oondnotor  of  I 

i  check  upoi 
the  j  i  should   be  tried  with   lei  other  m< 

bich  the  melting  \  oiul 

ithin  the  i  mercurial  thermomel 

Mr.  Wi.  1   he   had    tried   it   with   zinc,  but  not  with 
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lead.     Il<'  remarked,  that  any  body  might  be  employed  for  the 

strnction  of  a  pyrometer  on  this  principle,  by  measuring  its 
relative  weight    compared  with  the  water,   provided  that  its 

ific  heat  was  correctly  known.  Bat  it  was  necessary  to 
observe  that  in  measuring  the  melting  point  of  bodies,  the  tem- 
perature must  be  taken  just  before  melting  takes  place,  because 
at  the  moment  oi'  liquifaction  a  certain  quantity  of  latent  heat 
was  absorbed,  as  in  the  case  of  ice  being  melted  into  water; 
and  beyond  that  point  the  temperature  of  the  melted  metal 
might  rise  considerably,  and  make  the  observation  incorrect. 
In  the  ease  of  the  melting  point  of  silver,  he  had  found  an  error 
vf  400'  was  caused  when  this  was  not  attended  to. 

The  results  obtained  by  this  pyrometer  could  not  be  regarded 
-  ibaolutely  correct,  since  the  specific  heat  of  platinum  is 
assumed  as  constant  at  all  temperatures,  which  is  not  strictly 
true.  Nevertheless,  these  results  are  quite  as  near  approxima- 
tions to  perfect  accuracy  as  those  given  by  the  common  mercurial 
thermometer,  and  all  other  instruments  of  the  kind  founded  on 
the  principle  of  expansion  ;  for  the  variations  in  the  rate  of 
dilation  at  different  temperatures  are  quite  as  great  as  the 
variations  in  the  specific  heat  of  a  body. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Wilson,  for 
his  interesting  and  valuable  communication,  which  was  passed. 


The  following  paper,  by  Mr.  Daniel  K.  Clark,  of  Edinburgh, 
was  then  read  : — 

ON   THE   EXPANSIVE   WORKING   OF   STEAM 
IN   LOCOMOTIVES. 

The    opinions    as   well   as   the    practice   of    Engineers   on   the 
working  of  Steam  ively  in  Steam  engines,    have  been,  and 

still  arc  at   variance.      Though  many  are   disposed   to   grant   that 
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of  the   atroke,  is  neutralized   by  the   greater   condensation   of  the 
steam  thereby  incurred. 

Tin-  object  of  this  paper  is  to  show  at  what  rate  in  practice  the 
efficiency  of  steam  is  increased  by  expansive  working  in  Locomotives 
with  the  best  existing  arrangements  of  cylinders,  valves,  and  valve 
gear,  and  to  point  out  the  conditions  on  which  expansive  action 
may  be  most  successfully  carried  out. 

I. — Of  the  action  and  capabilities  of  the  Linl-motion. — The  action 
of  the  valves  in  the  "  distribution"  of  the  steam  (a  term  borrowed 
from  the  French)  is  regulated  by  three  elements,  the  lap,  the 
lead,  and  the  travel.  When  these  are  given,  the  point  of  the  stroke 
of  the  piston  at  which  the  steam  is  admitted  to  the  cylinder,  cut-off, 
exhausted,  and  compressed  or  shut  up,  are  all  deduceable  by  model, 
by  diagram,  or  by  calculation.  This  can  be  done,  whether  the  valve 
derives  its  motion  from  a  single  eccentric,  or  from  a  link-motion,  as 
the  motion  of  the  valve  is  virtually  the  same  in  both  cases.  The 
May  in  which  the  valve  is  caused  to  cut-off  or  suppress  the  steam 
earlier  by  the  link  motion,  is  by  shortening  the  travel  of  the  valve  ; 
this  is  accomplished  by  means  of  the  reversing  gear,  in  such  a 
maimer  that  whatever  be  the  reduction  of  travel  communicated  to 
the  valve,  the  lead  is  always  at  least  the  same  as  in  full  gear,  and 
with  the  shifting  link  is  rather  increased.  In  shortening  the  travel, 
not  only  is  the  steam  cut-off  at  an  earlier  point  of  the  stroke ;  it  is 
also  exhausted  earlier,  and  admitted  earlier,  and  the  exhaust  port 
is  closed  earlier  during  the  return  stroke  upon  the  exhaust  steam. 
Thus,  by  shortening  the  travel,  every  thing  affecting  the  distribution 
is  done  earlier  in  the  course  of  the  steam  and  return  strokes.  This 
conclusion  is  very  well  illustrated  by  the  excellent  diagrams  of  the 
valve  motion  of  the  Atlas  Goods  Engine,  with  which  the  members 
of  the  Institution  are  familiar. 

In  his  experiments  on  the  action  of  steam,  the  writer  employed 
Mc  Naught's  Indicator,  which  he  applied  to  the  front  end  of  one  of 
the  cylinders  of  the  engine,  and  received  the  alternate  motion  for 
the  paper-cylinder  from  the  end  of  the  piston  rod,  through  an 
intermediate  lever  suspended  from  the  engine  frame.  To  test  the 
actual  state  of  the  valve-gear  of   each   engine  at   the  time  of  the 
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The  portion  of  the  stroke  BC  is  the  period  of  admission; 
portion  between  C  and  I>  is  the  period  of  expansion; 

The  portion  between  D  and  E  is  the  pt  riod  of  exhaust  during  the 
q  stroke  ; 

portion  EF  is  the  period  of  exhaust  during  the  return  stroke; 

The  portion  between  F  and  A  is  strictly  the  period  of  compression  ; 
but  the  period  of  pre-admission  is  generally  added  to  it,  and  thus  the 
compression  usually  signifies  the  whole  distance  of  the  point  F  from 
the  end  of  the  return  stroke. 

These  definitions  apply  to  diagrams  taken  from  every  notch  of 
the  it  will  be  seen  from  the  diagrams  Nos.  2,  3,  4,  Fig.  1, 

from   the  same  engine,  that  however  varied  in  form,  they  have  all 
the  parts  of  the  diagram  No.  1,  for  full-gear. 

The  following  Table,  No.  1,  contains  the  positions  of  the  points 
of  the  distribution  of  No.  13,  C.E.  Engine,  for  every  notch  of  the 
sector,  measured  from  the  beginning  of  the  steam  stroke. 

TABLE  No.  \.—The  Distribution  for  No.  13  C.  R.  Engine. 

Stroke 20  inches 

Lead  in  full-gear  •     •     •     •     tV       » 
Ditto  in  mid-gear  •     •     •     •     -^       » 

Lap 1J-       „ 

Travel 4£       „ 


No.  of 
Notch. 

Points  of  the  Distribution. 

Cutting-off. 

Exhaust. 

Compression. 

Admission. 

Inches 
of 

Stroke. 

Pr.  cent. 

of 
Stroke. 

Inches 

of 
Stroke. 

Pr.  cent, 
of 

Stroke. 

Inches 

of 
Stroke. 

Pr.  cent. 

of 
Stroke. 
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of 
Stroke. 
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of 
Stroke. 
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63 
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It    has   been   thought    necessary  to  go  into   these   pr<  Liminary 

explanations,  to  show  that  the  /ink /notion  is  capable  of  cutting  off 
steam  as  tatty  in  the  0011186  of  the  stroke  as  can  ever  be  advisable  in 
practice. 

It  has  been  seen  that  the  earlier  the  steam  is  cut-off,  tho  earlier 
also  it  is  e.c/nutstc't  ;  until  in  mid-gear  it  maybe  released  at  half- 
stroke.  This  has  been  deemed  a  serious  objection  to  the  use  of 
link-motions  for  high  expansion,  as  it  is  supposed  to  lead  to  a  seri- 
ous loss  of  expansh  e  aotion,  by  exhausting  prematurely.  This  loss 
is,  however,  a  mere  trifle  in  practice.  The  escape  of  the  steam  is 
by  no  means  instantaneous,  as  the  slow  diagrams  in  Figs.  1,  2,  and 
3,  very  clearly  prove.  Thus,  in  the  diagram  No.  1,  Fig.  1,  from  No. 
1;'..  ( '.  EL  Engine,  the  exhaust-line  DF  shows  that  nearly  all  the  period 

\haust  for  the  steam  stroke  is  employed  for  the  complete  evacu- 
ation of  the  steam.  And  if  this  be  the  case  for  speeds  of  1  and  2 
miles  an  hour,  it  is  much  more  so  for  the  regular  working  speeds  of 
trains.  To  select  from  a  very  admirable  series  of  Indicator 
diagrams,  with  copies  of  which  the  writer  has  been  favoured  by  Mr. 
Daniel  Gooch,  by  whom  they  were  taken  from  the  cylinder 
of  the  Great  Britain  Locomotive,  on  the  Great  Western  Railway, 
the  Figs.  4  and  5,  Plate  57,  contain  diagrams  taken  at  17  and  55 
miles  per  hour  respectively,  under  the  1st,  3rd,  a,nd  5th  notches  of 
the  sector.  The  following  are  the  conditions  of  the  valve-motion 
of  this  engine,  when  the  diagrams  were  taken  : — 

TABLE  No.  2.—  State  of  the  Valves  of  the  "  Great  Britain,"  G.W.R. 
<  ylinder,  18  X  24  inches.     Wheel,  8  feet. 

Lap \\  inch. 

Constant  lead £    „ 

Travel  in  full-gear .     .     .     .     4f    „ 

Blast  orifice 5£    „     diameter. 


No.  nf 

Notch. 

I'osition  of  Points  of  Distribution. 

Period  of 
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daring  the 
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Exhaust. 

Compression. 

Indies  of 
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Stroke. 

Indies  of 
Stroke. 

1 
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6 

10 

7 
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5 
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4} 
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by  an  ordinary  valve  and  link-motion,   arc  not  only  useless,   but 
highly  prejudicial 

Another  objection  to  the  link-motion  is  that  the  steam  is  injuri- 
ously wiredrawn  by  it  when  under  great  expansion.  Hence  the 
numerous  attempts  to  supersede  the  link  by  the  employment  of  a 
separate   expansion-valve.     The  diagrams,  Pig.   5,  Plate  57,  may  be 

red  to  as  examples  of  wire-drawing  by  the  link.  They  were 
taken  nearly  consecutively  with  one  opening  of  the  regulator;  and 
it  is  clear  that  the  steam  attained  fully  as  high  a  pressure  in  the 
cylinder  under  the  5th  notch  as  under  the  1st.  The  pressure  falls 
considerably  towards  the  point  of  cutting-off,  but  from  the  form  of 
the  steam-line,  it  is  plain  that  very  little  additional  steam  is  admitted 
for  an  inch  or  two  before  the  cutting-off  actually  takes  place.  The 
most  of  the  steam  is  admitted  at  the  higher  pressure,  and  in  fact  a 
partial  expansion  of  the  steam  already  admitted  takes  place  for  some 

nee  before  the  expansion  nominally  begins.  Thus  the  wire- 
draxcing  is,  to  a  great  extent,  equivalent  to  an  earlier  cutting-off,  and 
a  greater  degree  of  expansion.  The  whole  possible  loss  by  wire- 
drawing is  comprised  within  the  dotted  line  D,  added  to  the  diagram, 
which  is  merely  an  extensisn  of  the  expansion  curve,  to  meet  the 
steam  line,  drawn  horizontally  to  represent  a  free  admission  up  to 
an  imaginary  point  D  of  cutting-off,  5  inches  from  the  beginning  of 
the  stroke.  This  shaded  area  D  amounts  exactly  to  a  mean 
loss  upon  the  whole  stroke  of  one  2>ound  per  square  inch,  by  wire- 
drawing,  under  high  expansion.  For  tlio  1st  and  3rd  notch,  the 
amount  of  loss  by  wire-drawing,  must  obviously  be  still  less ;  and, 
in  short,  the  objection  of  wire-drawing  by  the  link-motion,  when  of 
liberal  proportions,  is  of  no  practical  weight. 

Another  objection  to  the  link-motion,  and  apparently  the  most 
formidable  one,  is  the  large  fraction  of  power  neutralised  by  the 
compression  of  til''  exhaust-steam,  and  which  increases  with  the  degree 
of  expansion.  Compression,  however,  involves  no  loss  of  efficiency ; 
for  as  by  compression  a  quantity  of  steam  is  incidentally  reserved 
and  raised  to  a  higher  pressure,,  it  gives  out  the  power  so  expended 
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Now,  the  poitive  mean  pressure  during  the 

t-stroke,  as  indicated,  is 4091bs.  per  inch, 

Ami  the  mean  resistanoe  by  compression  is  .  .   1 1  *51bs.         ,, 


Tims  the  effective  moan  pressure  is 29-41bs. 


This  effective  mean  pressure  of  29'41bs.  is  maintained  by  a 
consumption  of  4*14  inches  of  water  per  stroke;  and  it  has  just 
been  found  that  with  the  compression  removed,  the  positive  mean 
pressure  of  40'91bs.  per  inch  -would  be  maintained  by  a  consump- 
tion of  o'i<7  inches  of  water  per  stroke.  The  effective  pressure 
created  per  cubic  inch  of  water  is,  therefore, 

29-4 

In  actual  practice -— —  =  7'llbs. 

4*14 

40-9 
And  would  be  by  removing  compression  - — —  rz  6'91bs. 

o*y7 

Tliese  quantities  are  expressions  of  the  relative  efficiency  of  steam 
employed  with  and  without  compression;  they  are  virtually  iden- 
tic:.!, and  show  that  the  resistance  by  compression  in  the  cylinder, 
due  to  the  action  of  the  link-motion,  does  not  in  the  slightest 
degree  impair  the  efficiency  of  the  steam. 

The  last  objection  to  the  use  of  the  link,  requiring  notice,  is 
that  at  high  speeds  considerable  back  exhaust  pressure  is  created. 
The  amount  of  this  is  very  various,  and  it  depends  also  on  circum- 
stances for  -which  the  link-motion  is  not  responsible;  such  as  a 
deficiency  of  inside  lead,  (which  is  regulated  by  the  lap,)  small 
ports,  a  small  blast-orifice,  and  imperfect  protection  of  the  cylinder. 
It  suffices  on  the  present  occasion  to  point  to  what  can  be  done 
by  suj>erior  arrangements,  as  exemplified  in  the  diagrams,  Fig.  5, 
Plate  57,  from  the  "  Great  Britain."  The  cylinders  of  this  engine 
are  in  a  manner  suspended  in  the  smoke-box,  and  thoroughly 
protected ;  the  steam-ways  are  very  large,  13X2  inches,  being  in 
area  about  y<jth  of  the  cylinder ;  the  exhaust-passage  is  very  direct ; 
and  the  blast-orfice  is  5£  inches  diameter,  or  about  TTth  of  the 
area  of  cylinder.  As  a  whole,  these  proportions  are  superior  to 
those  of  any  other  engines  with   which  the  writer  is  acquainted ; 
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TABLE  No. 

3. — /><  iults  from  Tndicaior-Diagrams, 

Indlcafe  'l  Steam  Pressure! 

in  Cylinder,  in  lbs.  per  Square  Inch. 

Back  P 

V-M11VS. 

Sum  of 

Diagram 

per  Hour 

Maximum 
Pressure 

ilurinff 

Positive 

Mr. in 

Exhaust. 

Com- 
pression. 

Pressures, 

i  Beetiye 

Mean 
Pressure. 

Pressure, 

of  positive 

Pressure, 

lbs. 

Lbs. 

lbs. 

lbs. 

lbs. 

Per  Cent, 

lbs. 

1 

15 

7(1 

63-8 

L-6 

2-4 

4-0 

61 

59-8 

2 

17 

88 

80-0 

0-6 

1-9 

2-5 

3-0 

77-5 

3 

21 

95 

86-2 

1-2 

3-0 

4-2 

4-7 

82-0 

4 

24 

76-7 

0-9 

1-6 

2-5 

31 

74-2 

5 

27 

80 

70-6 

1-5 

2*2 

."-•7 

5-3 

66-9 

6 

31 

90 

796 

1-7 

3-7 

•VI 

6-7 

74-2 

7 

31 

80 

73-2 

2.g 

2-2 

5-1 

6-9 

6    1 

8 

60 

51-4 

3-6 

4.4 

80 

15-5 

43-4 

9 

54 

89 

804 

6-8 

6-0 

12-8 

15-8 

67-6 

Mean  h   82 

08-2 

10 

17 

88 

69-9 

o-o 

3-8 

3-8 

5-4 

66-1 

11 

18 

70 

55-3 

0-8 

4-5 

5-3 

94 

50-0 

L2 

21 

72-3 

o-o 

4-2 

4-2 

5-7 

68-1 

13 

72 

57-1 

o-o 

4-9 

l-'.i 

8-5 

52-2 

1  ! 

31 

71) 

60-3 

1-2 

6-0 

7-2 

11-9 

53-1 

15 

32 

86 

64-4 

0-8 

4-9 

5-7 

8-4 

58-7 

16 

40 

76 

55-7 

HI 

4-7 

5-1 

91 

50-6 

17 

51 

70 

491 

2-0 

6-2 

8-2 

16-6 

40-9 

18 

55 

84 

62-0 

3-6 

7-6 

11-2 

18-0 

50-8 

3rd  Notch— Meai 

' 

54-5 

19 

17 

89 

53-2 

o-o 

9-6 

96 

18-0 

43-5 

1- 

70 

421 

0-5 

6-6 

71 

L6-7 

35-0 

21 

21 

93 

o-o 

63 

6-3 

11-1 

50-2 

22 

74 

41-8 

0-4 

6-2 

6-6 

15-7 

35-2 

31 

83 

if,  5 

o-o 

74 

7-4 

155 

39-1 

24 

80 

39-0 

o-o 

8  5 

8-5 

211 

30  5 

26 

50 

77 

:;ii 

0-5 

8-0 

8-5 

24-4 

26 

40-9 

o-o 

11-5 

11-5 

28-1 

29  1 

IT- 

ii  m 

lul..»lcd 

■am  ■'■ 
Pkpw 

tam  1 

ssrtt! 

Cubic   in. 

CUI.K     IU.    OMMl     H»»    OUMC    Irr-   «.'-..'.!.      11., 

iu. 

-17 

884 

L6  71 

711 

J7  1 

11  7-: 

28  1 

1  56 

14-06 

7 

77 

3-54 

242 

U-19 

110     11 

23-7 

296 

7 

1  10     11  -3  J     117  ~ 

1  41       9-U    LIS 

11-33 

437 

I 

7  11 

80 

159 

1  85  1    605      50-00 

1  ft       i  ■-:;      • 

L9-4 

1  •; 

l  •  -      519     : 

1  5                    35*89 

608 

1  N 

1  " 

•J  71 

B- 1 0       ill    11 3  J 

11 


\- 


11 


16 
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uated  in  terms  of  the  diameter  and  stroke  of  oylinder,  the 
diameter  of  wheel,  and  the  effective  mean  pressures  in  the  9th 
column.  The  water-equivalents,  columns  11,  12,  an  J  13,  are  esti- 
mated  from  the  indicated  pressures  and  the  period  of  the  distri- 
bution for  each  notch,  in  the  way  already  exemplified,  The  expen- 
diture of  steam  [mm-  hour,  column  II,  is  deduced  from  column  13, 
in  terms  of  the  speed,  the  cylinder,  and  the  wheel;  and,  dividing 
that  by  the  effective  horse  power,  we  have  the  contents  of  column 
15  in  inches,  and  of  column  16  in  pounds.  Column  17  contains 
the  coke  consumed  per  horse-power  per  hour,  deduced  for  the 
Beveral  diagrams  from  the  consumption  of  water,  column  16,  allow- 
ing  111',  of  coke  to  evaporate  Slbs.  of  water. 

Referring  to  the  contents  of  the  last  two  columns  of  this  table, 
it  is  obvious  that  the  consumption  of  water  as  steam,  or  of  coke,  for 
a  given  amount  of  work  done,  becomes  less  the  more  expansively 
the  steam  is  worked ;  and  the  means  of  the  .several  quantities 
for  the  notches  separately  are  as  follow  : — 

CONSUMPTION    PER    HORSE-POWER    PER    HOUR. 

For  the  1st  notch,  28'3  lbs.  water,  or  3-54  lbs.  coke. 
„      3rd     „       24-3    „        „       „   3-03    „      „ 
„      5th     „       20-1    „        „       „    2-51    „      „ 

As  the  results  under  each  notch  vary  very  little,  the  means  above 
stated  may  be  adopted  for  all  practical  speeds  without  material 
error.  To  find  from  these  means  a  formula  which  shall  express  the 
rate  of  economy  by  expansive  working :  it  may  be  done  graphically 
thus  : — see  Fig.  6,  Plate  56.  Draw  a  base-line  AB,  to  represent 
the  stroke  of  the  piston;  set  off  on  this  base-line  the  distances 
AE,  AF,  and  AG,  equal  respectively  to  the  periods  of  admission 
under  the  1st,  3rd,  and  5th  notches.  From  the  points  E,  F,  G, 
draw  the  perpendiculars  equal  respectively  to  the  pounds  of  water 
per  horse-power  per  hour  consumed  under  the  different  notches,  by 
any  convenient  scale  of  pressure,  and  terminate  them  by  points,  as 
drawn;  these  points  are  found  to  range  in  a  straight  line,  CD, 
which  meets  the  vertical  from  A,  at  a  height  of  14  lbs.  by  the  scale, 
and  the  vertical  from  B,  at  36  lbs.      The  straightness  of  the  line 


Looouom  I 

OD    im|  :(*&6ca    uniformly    with    the 

1 
1  of  sdm 
i  the  quotient,  the  ram  will 

1 

:'  st<;iin, 

\  •  me- 

then  W  =  23  - 

:  — 

*     • 

Multiply  the  |  ■ 
i  inches  by  --.  and  divide  by  the  length  of  .sti"k.-  in 
tdd  14  t.)  the  quotient.     The  sum  is  the  required  con- 
sumption in  pounds. 

i  '.•■■.  allowing  1  lli.  tm  the  evap 

of  8  lbs.  of  water,  divide  the  water,  aa  above  band,  by  8;  and, 
making  0  the  consumption  we  have 

0  =  -  " 

Tj  +   1*76 (2.) 

at  length  : — 

:.E  II.—  iptlvn  of  Cuke  p>.  oioer  per 

Multiply  the  period  <•!'  admia- 

y  tin-  In.  j  oka  in  i:. 

quotient.     The    sum    i->   ti  I  n   in 

pounds  per  hon 

• 
admii  10  and  71  I  the  the 

appli  :'»ing 

80  D  imam  pn  pressures,  the 

:iih11  in   the  case 

, — those  divergences  > 
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due  to  the  constant  deduction  of  1")  lbs.  for  atmospheric  resistance 
from  the  total  pressure.  It  is  presumed  thai  engineers  will  not 
return  to  the  error  of  low  pressures  in  locomotives,  and  that 
high  pressures  will  be  cultivated.  For  pressures  above  80  lbs.,  the 
rules  are  perfectly  safe,  as  they  err  rather  by  excess  on  the  safe 
side.  The  relative  advantage  of  higher  pressures,  in  respect  of  the 
constant  loss  by  the  atmosphere,  progresses  but  slowly  for  pressures 
above    80  lbs.     At   this  pressure,  or  '.("»   lbs.   total,  the  atmosphere 

deducts         rd  ;  and  at  100  lbs.,  the  loss  is  - — th.     The  difference  of 
(3-3U  7-66 

these  fractions  is    -   th,    which  is  all   the   economy   on   account   of 

ot) 

atmospheric  resistance  by  the  use  of  100  lbs.  steam,  compared  with 
the  work  done  at  80  lbs.     For   120  lbs.,  the  economy  is  —th,  and 

for  150  lbs    it  is  — th,  with   respect  to   80  lbs.      The  chief  advan- 
15 

tar^e,  therefore,  of  the  highest  pressure,  is  in  the  liberty  of  Avorking 
more  expansively,  while  developing  power  at  a  given  rate. 

The  following  Table,  No.  4,  shows  in  the  second  column  the 
consumption  of  steam  worked  expansively  per  horse-power  per  hour, 
due.  by  Rule  I,  to  the  periods  of  admission  named  in  the  1st  column, 
and  expressed  in  per  cent,  of  the  stroke.  The  inverse  ratios  of 
thr.se  quantities  of  steam  are  entered  in  col.  3,  the  consumption  for 
100  per  cent,  being  expressed  by  1.  Thus  the  actual  relative  effici- 
ency of  steam  is  found  for  various  admissions.  The  4th  column  con- 
tains the  theoretical  maximum  relative  efficiency  of  steam,  expanding 
to  the  end  of  the  stroke,  according  to  the  law  of  Boyle,  with  a  perfect 
vacuum  behind  the  piston,  and  without  clearance,  back-pressure, 
or  compression ;  extracted  from  the  ordinary  tables  on  the  subject. 
In  col.  5,  are  given  the  relative  amounts  of  work  done  by  steam, 
under  the  admissions  named  in  col.  1,  being  directly  as  the  effective 
mean  pressures  in  the  cylinder,  which  are  found  by  a  rule  to  be 
afterwards  given. 


TABLE 


•df 

ID  pi 

H.  i' 

■ 

■ 

it* 

10 

16  '_' 

1 1 B 

18 

it;. 

88 

. 

l-  i 

L-96 

1-66 

40 

l  ■:;. 

L'l-7 

1-66 

a 

10 

1-58 

1   12 

239 

1-80 

1-44 

l-3s 

L-60 

72 

1  51 

77 

1-27 

143 

81 

85 

89 

100 

100 

kbit  it  aj'i  '.  ill  actual    pi  i.iiivc 

■  ;i.iii  when   cut-oil'  at    j',,th    of   the    stroki 
in  when  Dot  cutn.ll*  until  thfl  end  of  tin    htruke,  but   tlmt 
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lower  rate  than   n  oul  . 
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be  removed;  but  a  material  advantage  would  result  from  a 
reduction  of  the  clearance  between  the  valve  and  the  piston. 

Ajb  7.")  per  cent,  is  the  greatest  admission  materially  required 
under  the  link-motion,  the  relative  efficiency  for  that  admission, 
(1*18),  being  compared  with  the  efficiency  (2*22)  for  lo  per  cent,  of 
admission,  they  are  as  1  to  1*9,  or  nearly  1  to  2  ;  and  it  follows 
that  under  the  most  favourable  existing  circumstances,  the  utmost 
po83ible  efficiency  of  steam  worked  expansively  in  locomotive  engines 
by  the  link-motion  is  about  twice  that  of  the  steam  when  worked 
under  full  gear;  that  is,  the  same  quantity  of  steam  does  twice  the 
quantity  of  work. 

The  effective  mean  pressure  is  to  some  extent  affected  by  the 

I;  but  to  find  the  average  rate  of  increase  with  the  admission, 
take  the  means  of  the  maximum  and  of  the  effective  mean  pres- 
sures in  Table  No.  3,  cols.  3  and  9,  as  follows :  — 


Average  Effective  Mean  Pressure 
in  Cylinder. 

No.  of 
Notch. 

Average 

Maximum  Pressure 

in  Cylinder. 

Pressure. 

Per  Cent,  of 

Average  Maximum 

Pressure. 

lbs. 

lbs. 

Per.  Cent. 

1 

82 

68-2 

83 

3 

80 

54-5 

68 

5 

82 

36-1 

44 

The  per-centages  in  the  last  column  may  be  arranged  in  a 
curve,  see  (Fig.  7,  Plate  55,)  having  the  base  line  AB  to  represent 
the  stroke,  and  the  perpendiculars  at  E,  F,  G,  equal  to  the  re- 
spective per-centages  measured  on  a  vertical  scale.  The  curve 
must  pass  through  the  point  A,  as,  when  no  steam  is  admitted,  no 
work  can  be  done ;  the  other  end  at  D  must  also  terminate  some- 
win -re  below  100  by  the  scale,  as  even  with  an  entire  admission 
something  must  come  off  for  back  pressure.  From  the  curve,  the 
following  formula  is  derived  for  finding  the  per-centage  of  effective 
mean  pressure  due  to  a  given  admission,  in  terms  of  the  maximum 
ure  : — 
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TABLE   N  ••  ■'•■  -<'.,'<>'    Mean  Pressure  in  the  Cylinder, for  various 

Admissions. 

For  Maximum  Pressures  of  GO  lbs.  to  150  lbs. 


Periods 
of  Admission 

in  parts  of  the 
Stroke. 

Effective 
Mean  Pressuresi 

in  parts  of 
Maximum 
Pressure. 

Periods  of 

Admission  in 

common  fractions 

of  Stroke. 

Effective 
Mean  Pressure, 

in  common 

fractions  of  the 

Maximum 

Pressure. 

Per  Cent. 

Per  Cent. 

10 

15 

1-1 0th 

l-7th  full. 

12-5 

20 

— 

— 

15 

24 

1-Stk 

l-5th 

17-5 

28 

— 

— 

20 

32 

l-6th 

l-4tb 

25 

40 

1-5  tli 

l-3rd 

30 

46 

l-4th 

l-2-5th 

35 

52 

l-3rd 

l-2nd 

40 

57 

— 

— 

45 

62 

— 

— 

50 

67 

l-2ncl 

2-3rds 

55 

72 

— 

— 

60 

77 

— 

— 

65 

81 

2-3rds 

4-5ths 

70 

85 

— 

— 

75 

89 

3-4ths 

9-10ths 

The  proportions  of  the  "  Great  Britain  "  may  be  applied  to  any 
other  engine,  and  they  may  be  repeated  here  as  standard  ratios  for 
practice,  until  superior  results  are  obtained. 

Sectional  area  of  cylinder 1 

„  steam-port 1-I0th 

,,  blast-orifice 1-1  lth 

Lap  of  valve,  1£  inch. 
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:ir, 
Ix»ad,  I  I 

80  wul«>  a  bl  ;i*    :th,  is  ■  ran  thing        I 

hut  I 

jl. 

|!"|«<»s._S    |0    duJCUBS 

tin-  MSSJjfa]  iking    of 

steam  in  I 

of  the  actual  El 

ad  with  Link  motions. 
I  knd  <ila-. 

1 6  X  1 1 

'h    ijnb  u.  ..•    of    19 

i    2   cwt.     of    ootl        As,    in    the    locomotive 
:'   the    value    of    coke,    2    cwt.    of 
coal  is  equivalent   to    1.33  cwt.  1  the  consumption  per  day 

may  be  stated  at  20.33  cwt.  1 

The  with    Unk-mution,    used    at  the   same 

season  in  1851,  and  doing  the  same  week,  12  cwt.  of  coke,  and  3  cwt. 
of  coal  daily,  equivalent  to   14  cwt.  coke  :  over  a  run  of  i>4  miles, 
oditore  i 

mile  with  gab-motion 
1     „  „  link-motion 


lbs.  reduction,  or  30  per  cent,  with  link. 

The  periods   i  ion  in  the   two  cases  would  be  about  70 

and  40   j  ■  .  end  by  the  Table  of   I  .  the  consumption 

would  be  as  I '60  to  1*28,  ihowi 

or  L.  tual 

efficiency  xmi^t  in  .;t    be  due  to  the  superior  opporiuni 

working  with  high  picture,  daring  the  admissions  afforded  by  the 
link. 

Af  the  test  i  :  by  measuring  th-  usuined. 

u   of  cases  from  the  writer's  own   • 
rienoe  and  observation. 
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Engine  with  Link-motion,  cylinder  15  X  20  ins.,  wheel  6  feet. 
Edinburgh  and  Glasgow  Railway. 


Mean  Speed. 

Average 

Consumption 

Mill's 

Train  of 

of  w  ater  In 

Per  Hour. 

Carriages. 

feet,  pr.  Mile. 

1851. 

"  Orion,"  ordi- 

26 Aug. 

nary  train. 

.  19-6 

16 

2-97 

Stiff  Wind 
ahead. 

»»      >> 

Do.         do. 

24-4 

7 

201 

Do.  favour- 
able. 

27 

Do.         do. 

244 

7 

2-22 

Do.  ahead. 

Do.  Express 

32-0 

5 

1-65 

Do.  favour- 

1850. 

able. 

7  Sep. 

Do.         do. 

32-7 

5 

1-65 

Slight  wind 
ahead. 

Engines  with  fixed  Gab-motion,  cylinder  16  X  18  insv  wheel  6  feet. 
Edinburgh  and  Glasgow  Eailway. 


1850. 
3  Sep. 

10  Oct. 
21    „ 


"America,  or- 
dinary 
"Nile,"  Expr. 

"Niger,"    „ 


21-5 
29-0 


13 


71 


301 

3-00 

2-80 


Wind 
favourable. 
Do.  ahead. 

Calm. 


Express  Engine,  with  fixed  Gab-motion,  cylinder  16  X  18  ins., 
wheel  6  feet.     North  British  Railway. 


1851. 

Express 

38-5 

5 

2-70 

Calm. 

>> 

38-5 

5 

2-70 

Do. 

j> 

38-5 

4 

2-96 

Wind  ahead 

Mail 

35-7 

7 

305 

Calm. 

Ordinary 

22-0 

12 

3-45 

Calm. 

These  results  show,  as  before,  that  under  similar  circumstances, 
what  has  been  deduced  from  an  independent  examination  of  Indi- 
cator-diagrams, taken  under  the  Link-motion,  as  to  the  economy  of 
steam  worked  expansively,  is  fully  borne  out  by  a  direct  appeal  to 
the  relative  consumption  of  coke  and  water. 


11VES. 


that   be  felt  much  obligi  1  to  the 
author  of  tin  in  such  ■  clear  and  praetioaJ 

manner  the  action  of  the  ad  the  link-motion  ;  and 

the  paper  wu  the  actual  numerical 

results  that  w  ompletely  of  the  variations  in  practical 

work  wring  the  in  ited  and   th< 

led. 

.Mr.   |f<  I  u'dered  the  practical  investigation  of 

in  the  paper  was  very  valuable.     !!■ 
that  the  link-mot  the  most  advant  J  of 

any  valve-motions  known  I  1 1 1<  1  the  d 

of  hanging  the  link  from  ■  fixed  centre,  adopted  by  Mr.  G h 

in  tl.  1 1  Western  ■  n^in«-,  had  tin-  advantage  of  preventing 
tlu-  increase  of  lead  that  took  place  in  tin-  ordinary  link-motion 
when  working  with  much  expansion.  He  considered  that  the 
surcharging  of  the  .-team  in  the  smoke-box  was  a  valuable  sug- 
on,  and  might  ven  probably  admit  of  being  carried  < 

t  an  important  economy'.    And  he  thought  that  a  hot- 
air  oham  mtrived,  round  the  oylin 
and  kept  constantly  in  such  a  temperature  a-  to  prevent  any 
condensation  of  steam  during  expansion,  and  ensure  the  steam 
-  maintained  |                dry.  without  any  water  1  i 
•<  at  in  the  cylinder  from  condensation  or  pruning.    The 

l  was  a  <_rood  plan  in 
the   Great    Western    engines,   but  ial    arrangement   wa> 

tired  for  the  purpose  of  thoroughly  carrying  out  the  principle 
in  a  i  roper  mam 

Mr.  O.AI.K    >aid   that    in   the   eli_ri:  ■  '■'...    Q 

had  carried  the  -team  pipe  straight  down  in  front   of  the  : 
instead  of  curving  it  on  one  side  a-  usual,  and  the  pipe  ! 

ttth    inch  tin-    heat    from    t: 

rapidly  communicated  through  it,  and  the  steam  I  much 

heated.     In  the  experiments  with  th    G 
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had  been  found  that  there  was  considerably  less  difference 
1  .  tween  the  pressure  of  the  steam  in  the  boiler  and  that  in  the 
cylinder,  than  was  the  case  in  other  engines  where  the  steam  did 
not  get  so  much  heated  ;  and  Mr.  Gooch  had  found  in  repeated 
experiments,  very  carefully  tried,  that  the  pressure  was  actually 
a  little  higher  in  the  steam  chest  than  in  the  boiler,  the  differ- 
enee  being  greater  at  a  higher  speed,  and  amounting  to  as  much 
as  7  to  10  lbs.  per  inch  in  some  cases,  the  pressure  in  the  cylin- 
der being  equal  to  that  in  the  boiler,  and  in  some  cases  2  or  3 
lbs.  above,  instead  of  being  considerably  below,  as  was  the  case 
in  most  engines  in  regular  work.  He  could  only  suppose  that 
the  elastic  force  of  the  steam  was  increased  by  its  becoming 
surcharged  with  heat  in  the  smoke-box  after  leaving  the  boiler, 
but  could  not  account  for  a  greater  pressure  being  apparently 
maintained  in  the  steam  chest,  whilst  the  steam  wras  flowing 
into  it  from  the  boiler. 

Mr.  Slate  could  not  see  how  a  greater  pressure  could  exist 
in  the  steam  chest  than  in  the  boiler,  as  the  steam  would  in  that 
case  flow  back  to  the  boiler  till  the  pressure  was  equalised. 

The  Chairman  observed,  that  with  regard  to  the  ques- 
tion of  surcharging  steam,  he  remembered  being  told  by  Mr. 
Trevithick  of  an  experiment  which  he  made  in  Cornwall  in  1830. 
He  had  to  repair  an  old  engine  there,  which  had  no  steam 
jacket  to  the  cylinder,  as  most  of  the  other  engines  had,  to  keep 
up  the  pressure  of  the  steam;  and  he  built  a  brick  casing  round 
the  cylinder,  leaving  an  air  space  all  round,  and  applied  a  small 
fire  to  keep  this  air  heated.  About  one  bushel  of  coals  in 
twenty-four  hours  was  consumed  in  heating  the  cylinder,  and 
he  found  a  great  increase  was  effected  in  the  duty  performed 
by  the  engine,  with  the  same  consumption  of  fuel  under  the 
boiler  as  before.  He  then  removed  the  fire  from  the  cylinder, 
in  order  to  find  the  relative  efficiency  of  the  coal  when  con- 
sumed under  the  boiler  or  under  the  cylinder,  and  he  found 
that  it  took  five  bushels  of  coals  applied  to  the  boiler  to  produce 

same  effect  as  the  one  bushel  of  coals  applied  to  the  cylinder. 
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inches  high  and  two  inches  diameter,  the  metal  of  which  was 
very  thin,  and  coated  thickly  with  felt  outside  to  prevenl  any 
loss  of  heat.  A  small  Bteam  pipe  was  connected  al  tin-  top,  bnt 
tlu'  bottom  of  tin1  cylinder  was  open  to  the  atmosphere;  ami  a 

mi  ol'  30  lbs.  steam  was  blown  into  the  vessel  from  a  very 
small  orifice,  and  allowed  to  escape  freely  into  the  atmosphere 
at  the  open  end  of  the  cylinder.  After  a  short  time,  when  the 
cylinder  had  become  hoi,  and  was  maintained  just  full  with 
expanded  steam  at  the  atmospheric  pressnre,  a  thermometer 
inserted  a  short  distance  into  the  open  end,  showed  a  constant 
temperature  of  214  to  215°  instead  of  212°,  proving  the  total 
quantity  ol'  extra  heat  that  is  in  high  pressure  steam  ;  and  no 
condensation  could  be  perceived  inside  the  cylinder,  no  vapour 
being  visible  until  the  steam  had  escaped  from  the  cylinder  into 
the  atmos]  here.  This  experiment  was  tried  on  several  different 
occasions,  and  on  one  it  happened  that  the  boiler  was  priming 
slightly:  and  when  a  drop  of  water  came  over  through  the 
ii  pipe  and  dropped  upon  the  bulb  of  the  thermometer,  it 
was  observed  to  fall  suddenly  to  212°,  and  remained  at  that 
point  until  the  water  was  boiled  off,  when  it  again  rose  2°  to  3° 
above  the  boiling  point  as  before.  The  experiment  had  been 
suggested  by  Mr.  Siemens,  and  was  a  very  ingenious  one. 

The  Chairman  said,  he  did  not  think  that  mode  of  trying 
tin-  experiment  would  give  a  correct  result  as  regarded  the 
present  question,  as  the  steam  was  escaping  into  the  atmosphere 
instead  of  being  all  confined  within  the  cylinder,  and  the 
temperature  in  the  cylinder  being  maintained  above  the  boiling 
point  would  prevent  any  condensation  taking  place  during  the 
expansion  of  the  steam. 

y\v.  Cowper  did  not  think  that  in  a  cylinder  that  was 
thoroughly  protected  from  loss  of  heal  by  radiation  or  conduc- 
tion, any  condensation  of  the  steam   would  take  place  during 

ansion,  and  that  if  any  condensation  occurred,  it  would  be 
found  \<>  1-e  owing  to  the  steam  having  lost  some  of  its  heat 
which   it  could  not  recover.     The  result  that  ho   obtained  by 
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coincide  at  C,  as  the  Bteam  was  then  at  its  moan  temperature, 
and  agreed  with  the  temperature  of  the  cylinder;  and  after  that 
point,  a^  the  Bteam  continued  to  expand  and  lower  in  tempera- 
ture, the  cylinder  remaining  nearly  constant  was  hotter  than  the 
strain,  and  returned  some  of  the  heat  it  had  robbed  from  the 
:.  re-evaporating  more  and  more  of  the  water  that  had  been 
condensed,  and  raising  the  curve  of  actual  pressure  above  the 
theoretical  curve  at  the  end  D,  where  the  exhaust  commences. 
A  portion  of  the  lost  steam  is  thus  restored  in  the  second  half 
of  the  Btroke,  but  a  serious  loss  of  power  still  remains;  and  the 
consideration  of  this  action  that  is  always  going  on  to  a  greater 
or  less  extent  in  the  cylinders  of  Locomotives,  however  well 
they  may  be  protected,  except  where  they  are  artificially  heated, 
shows  what  an  important  source  of  economy  is  to  be  found  in 
carrying  out  that  principle. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Clark  for 
bis  valuable  and  interesting  paper,  which  was  passed. 


The  following  paper  by  Mr.  J.  E.  McConnell,  of  Wolverton, 
was  then  read  : — 

ON  A  NEW  PORTABLE  LIFTING  MACHINE. 

The  object  of  this  machine,  which  is  the  invention  of  Mr.  Long, 
Royal  Hydrometer  Maker,  London,  is  to  obtain,  in  a  portable  and 
hiii] >le  form,  the  means  of  multiplying  the  power  of  a  man  to  a 
very  great  extent,  for  the  purpose  of  lifting  weights,  <tc,  without 
the  drawback  of  heavy  friction  and  wear  to  which  some  lifting 
machines  are  liable,  such  as  those  in  which  an  endless  screw  works 
into  a  toothed  wheel.  A  specimen  of  this  machine  is  before  the 
meeting,  and  the  construction  is  shown  in  Figs.  1  and  2,  Plate  58. 

A  is  a  wheel,  on  which  eleven  pins,  BH,  are  fixed  in  the  form  of 
teeth,  with  a  friction  roller  fitted  upon  each  pin. 
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to  remove  the  oil  from  the  surface,  l>ut  in  the  friction  rollers  there 
is  a  much  larger  surface  in  contact  to  hear  the  pressure,  and  this 

surface  being  always  in  contact  never  lias  the  oil  scraped  off  the 
surface,  and  can  retain  the  oil  for  a  much  longer  time. 

The  same  principle  of  a  spiral  is  applied  in  a  convenient  and 
efficient  manner  in  the  vice  shown  in  Figs.  3  and  4,  in  which  the 
projecting  spiral  acts  upon  the  teeth  of  a  straight  rack,  connected 
to  the  wliding  jaw  of  a  parallel  vice. 

Another  application  is  also  shown  in  Fig.  5,  to  a  rack-pulley  for 
B  window-blind  cord,  in  which  the  pulley  can  he  conveniently  tight- 
ened or  slackened  or  removed  as  required,  and  is  held  in  its  place 
by  the  spiral. 


Mr.  McConnell  exhibited  one  of  the  lifting  machines  at 
work,  and  specimens  of  the  vice  and  rack-pulley.  He  said  he 
had  only  lately  become  acquainted  with  the  invention,  and  it 
appeared  to  him  worth  bringing  under  the  notice  of  the  meet- 
ing; there  might  be  some  other  practical  applications  that  would 
be  useful  on  account  of  the  reduction  of  friction  in  transmitting 
the  power.  The  vice  was  a  convenient  form,  as  the  jaws  were 
always  parallel,  and  the  lever  was  out  of  the  way  of  the  man. 

The  thanks  of  the  meeting  were  given  to  Mr.  McConnell  for 
his  communication. 


The  consideration  of  Mr.  Lamb's  Marine-Engine  Boiler  was 
postponed  in  consequence  of  the  absence  of  the  author. 

The  Chairman  announced  that  the  next  Meeting  of  the 
Institution  would  be  an  additional  meeting  in  London,  in  June, 
for  which  some  valuable  papers  were  in  preparation;  and  he  con- 
gratulated the  members  on  the  prosperous  position  of  tho  Insti- 
tution, and  its  increasing  efficiency  and  usefulness. 
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mem  itself,  upon  a  continuously  moving  sheet  of  paper,  the  velo- 
city is  recorded  by  a  third  line,  and  the  quantity  by  a  fourth  line. 
The  direction  and  force  are  recorded  by  two  penoils  upon  one 
flat  Bheet  of  paper,  which  is  changed  every  day,  and  is  fixed  on  a 
table  moved  at  a  uniform  rate  by  a  clock,  and  having  the  succes- 
sive hours,  &c.,  marked  upon  it.  The  direction  pencil  is  moved 
in  a  Btraighi  line  across  the  paper  by  means  of  a  quick-threaded 
screw  geared  to  the  wind  vane,  tracing  on  the  paper  a  waving 
longitudinal  line,  the  paper  being  ruled  longitudinally  by  fixed 
pencils  to  mark  the  cardinal  points;  the  wind-vane  is  similar 
to  the  tan-wheel  at  the  back  of  a  windmill.  The  pressure 
pencil  is  moved  transversely  upon  the  paper  by  connection 
through  wires  with  the  pressure-plate,  a  circular  disc  four 
square  feel  area,  which  is  held  always  at  right  angles  to  the 
direction  of  the  wind,  to  receive  the  full  pressure  upon 
springs  at  the  back,  which  yield  according  to  the  degree  of 
pressure  ;  a  fixed  pencil  rules  the  datum  line  upon  the  paper. 

The  velocity  and  quantity  are  recorded  on  a  continuous 
sheet  of  paper  which  is  moved  by  the  wind  itself,  at  a  rate 
exactly  proportionate  to  the  velocity  of  the  wind;  the  successive 
hours  being  marked  upon  the  paper  whilst  passing,  by  means  of 
a  punch  which  is  in  connection  with  the  clock,  and  strikes 
a  blow  on  the  arrival  of  each  hour.  The  distances  between 
these  successive  hour-marks  on  the  paper,  give  consequently 
by  a  scale  the  measure  of  the  velocity  of  the  wind  at  each 
time;  and  the  total  length  of  the  paper  that  is  passed  in 
an  hour  or  a  day  gives  the  measure  of  the  total  quantity  of  air 
that  has  passed  the  place  during  the  time,  one  inch  of  the  paper 
representing  thirty-eight  miles  of  air.  The  length  of  one  sheet  of 
paper  was  thirty-one  feet,  for  the  month  of  January  last,  repre- 
senting that  the  total  quantity  of  14,000  miles  of  air  had  travelled 
pasl  the  place  during  the  time;  that  quantity  being  the  sum  of 
all  the  currents  of  air  in  all  directions  at  that  particular  place. 
The  motion  of  this  paper  is  obtained  from  a  vertical  spindle  which 
has  four  horizontal  amis,  three  feet  long,  fixed  on  the  top  at  right 
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an  J  2.)  The  slides  AA  move  in  radiating  channels  in  the  main 
barrel  of  the  lock  BB,  and  each  slide  is  pressed  to  the  centre 
pin  by  a  Beparate  spiral  Bpring  C  C.  A  circular  groove  D  D,  is 
cut  in  the  face  of  the  barrel  and  of  the  slides,  (when  the  slides 
are  forced  outwards  to  their  right  positions  by  the  insertion  of 
the  key,)  bo  that  a  continuous  circular  channel  is  formed  by  the 
coincidence  of  the  different  portions  of  the  groove  in  the  face  of 
the  barrel  and  the  notches  so  cut  in  the  several  slides.  Into 
this  circular  channel  enters  the  notched  ring  E,  (shown  sepa- 
rately in  Fig.  4,)  which  is  fixed  to  the  top  frame  of  the  lock  FF, 
and  remains  stationary,  whilst  the  barrel  B,  with  the  set  of  slides 
and  springs,  revolves  with  the  key.  But  when  the  key  is  with- 
drawn, each  of  the  slides  is  forced  in  different  degrees  towards 
the  centre  by  its  spiral  spring,  sliding  also  through  the  several 
notches  in  the  fixed  ring  E,  so  that  their  solid  portions  inter- 
cept the  groove  in  the  barrel,  (as  shown  in  Fig.  5),  and  in  this 
position  the  barrel  is  held  fast  by  the  fixed  ring  E,  and  the  lock 
is  prevented  from  turning.  The  key,  shown  in  Fig.  7,  consists 
of  a  cylindrical  stem,  having  a  series  of  radiating  grooves  cut  in 
its  circumference,  corresponding  to  the  slides  in  the  lock ;  these 
grooves  are  inclined  in  the  bottom,  and  they  all  vary  in  depth, 
length,  and  the  angle  formed  by  their  bottom  with  the  axis  of 
the  key.  When  placed  in  the  lock  for  the  purpose  of  opening 
it,  the  key  is  pressed  down  to  the  bottom,  and  each  slide  entering 
one  of  the  grooves  of  the  key,  they  are  forced  outwards  by  the 
inclined  bottom  of  the  grooves,  to  the  various  distances  accord- 
ing to  the  depth  and  form  of  the  grooves  ;  and  when  the  key  is 
pressed  home  the  notches  in  all  the  slides  exactly  coincide  with 
the  circular  grove  in  the  barrel,  leaving  a  clear  passage  for  the 
notched  ring  E,  and  the  barrel,  with  all  the  slides,  is  then 
turned  round  with  the  key  by  means  of  the  projecting  bits  on 
the  key.  Should  an  attempt  be  made  to  open  the  lock  with  a 
false  key,  one  or  more  of  the  slides  would  be  pushed  too  far,  or 
not  far  enough,  and  then  it  would  intercept  the  circular  groove 
D,  and  prevent  the  barrel  from  turning,  by  locking  it  fast  with 
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place  in  the  cylinder  R,  is  thrown  out  by  coming  in  contact  with 
tli»^  circumference  of  the  cylinder,  and  the  lower  end  of  the 
lever  W,  presses  in  the  tumbler  V,  and  releases  it  from  the  pin 
by  bringing  it  into  the  vertical  portion  of  the  slot  in  the  tumbler, 
which  is  then  pressed  up  by  the  spring  Y ;  and  the  slide  T,  is 
pressed  against  the  cylinder  R,  ready  to  lock  into  the  notch  S, 
directly  it  comes  opposite.  The  "  sentinel  "  key,  (Fig.  6,)  is  a 
complete  counterpart  of  the  main  key  on  a  smaller  scale,  and 
acts  on  a  complete  lock  on  the  same  principle,  with  six  radiating 
slides,  and  having  the  key-hole  closed  by  a  "  nosle-drop  "  X,  in 
the  same  manner.  Consequently,  before  the  main  lock  can  be 
opened,  the  sentinel  key  has  to  be  turned  once  round  to  open 
its  own  key-hole,  and  then  pressed  home  to  move  the  slides  in 
its  lock  to  the  right  position,  for  enabling  the  key  to  turn  a 
second  time  and  unlock  the  catch  from  the  main  key-hole  ;  the 
main  key  is  then  put  in,  and  by  the  first  revolution  in  the  same 
manner  opens  its  key-hole  and  is  then  pressed  home,  and  by  a 
second  turn  the  lock  is  opened.  This  operation,  though  appa- 
rently complicated,  is  in  reality  as  simple  as  unlocking  two 
successive  doors  of  the  bank  safe,  both  having  been  double- 
locked  ;  but  by  this  plan  extreme  security  is  obtained,  as  a  lock 
of  great  security  has  first  to  be  picked  before  the  key-hole  of 
the  main  lock  can  be  opened,  and  any  steps  taken  towards 
picking  it. 

A  further  security  is  obtained  by  means  of  a  detector  slide, 
which  is  attached  to  one  or  more  of  the  slides  in  the  lock,  so 
that  if  any  one  of  those  slides  is  pressed  out  too  far  by  a  false 
key  or  otherwise,  although  the  slide  were  brought  back  to  its 
right  place,  the  detector  slide  would  remain  projecting  into  the 
circular  groove,  forming  an  effectual  obstruction  to  the  revolution 
of  the  barrel ;  and  this  obstruction  could  not  be  removed  even 
by  the  right  key  in  the  ordinary  manner,  thereby  detecting  the 
attempt  upon  the  lock,  until  the  key  was  first  turned  backwards 
for  a  certain  distance,  which  draws  back  the  detector  slide  into 
its  place,  and  restores  the  lock  to  its  ordinary  state.     The  keys 


machine  for  the  ptu 
■  Mlef  wor|  .  ,,t.  tiu( 

look  '-  made  dim  n  nt,  two  onlj  being  en!  ilike  ai  dupj 

look ;  the  kej 
formed  to  the  key, 

•  <•  in  the  barrel  and  ilid<  i  at  limnll 

*hiie1  t;  in  its  place;  the  tuna  o(  tin 

i  it  the  p  onlier  advantage  thai  an  imj  i 

tlu'  '■  extreme,  by  the  original  catting  machine 

whilal  adjusted  to  col 

risk  of  the  kej  bt  d.     T;  ■  firmly  gnided  in 

i  by 
the  noelp  drop,  protect*  the  luck  effectuallj  from  injury  by 
rioleoce  from  gunpowder  or  otherwise. 


PRO<    BED  I  N  i 


Iphi, 

. 
!,  in  the  unavoidable 
absence  1' 

I 

'.    Eton 

-* 

i  km  Alh  Al.    PRIN<  LPLE8    OH  OL1  ED  IN 

■I'll  I  \1.     PI    Ml'. 

principles  of  which  form  tin 
following  [taper,  will   no  doubt    be  remembered  a 

Exhibit! 
impmoBf  :  these  pompa,  was  naturallj  it  so 

_■   but  little  space,  should  b» 
■ 

great  n.  it 

r  things  i  I 
orer,  tin  ip  in 

hich  will 
re  a  correct  judgni< I 
a  as  a  w]  compare 

uly  tli<-  ]  ■ 

1  the  k." 

I 

•  The  Secretary  explained  that  that  paper  had  beea  lacorrertly  announced  :-■  hMl 

Sett*  of  Loudon,  aad  iy  vrUtea  by  hit  aaaiauat  Mr.  Itohwiw.  to  whom  Um  credit  and  ibe 
•  ot  tbe  paper  were  do*. 


100  CENTRIFrGAL    TUMr. 

arms.  In  discussing  the  general  principle,  it  will  be  sufficient  to  take 
a  form  which,  while  it  embodies  1 1 10  principle  completely,  "will  serve 
to  set  it  in  the  clearest  light. 

The  Pump  may,  then,  be  said  to  be  composed  of  a  horizontal  arm 
or  pipe  A,  in  Fig.  1,  Plate  60,  and  a  vertical  pipe  B,  dipping  into  a 
cistern  C,  from  which  the  water  is  required  to  be  raised  ;  the  whole  is 
supported  in  sueh  a  manner  that  B  constitutes  an  axis,  about  which 
the  machine  is  made  to  involve  by  means  of  a  steam  engine  acting  on 
the  crank  D.  Suppose  that  the  arm  is  tilled  with  water,  as  shown  in 
the  figure,  and  that  the  arm  is  in  motion ;  the  water  contained  in  the 
arm  A  has  then  a  centrifugal  force,  the  amount  of  which  depends  upon 
the  angular  velocity  with  which  it  is  revolving.  It  is  manifest  that 
this  velocity  must  be  such  as  to  produce  a  centrifugal  force,  equal  to 
the  weight  of  a  column  of  water  of  the  same  section  as  the  arm,  and 
of  a  length  equal  to  the  height  of  the  discharge  pipe  above  the  surface 
of  the  water  in  the  cistern,  in  order  that  the  column  of  water  in  the 
pipe  B  may  be  supported. 

"When  this  velocity  increases,  the  centrifugal  force  is  in  excess,  the 
water  flows  through  the  arm  A,  and  is  delivered  into  a  conduit  to  take 
it  off.  The  amount  of  this  delivery  depends  therefore  upon  the  excess 
of  the  angular  velocity  above  that  required  to  keep  the  arm  full. 

The  question  we  have  now  to  examine  is,  what  is  the  power  re- 
quired to  drive  this  Pump,  and  what  is  the  useful  effect,  estimated  by 
the  product  of  the  quantity  delivered,  by  the  height  which  it  is  raised. 

Let  a  be  the  angular  velocity  of  the  arm. 

R  the  length  of  the  arm  in  feet,  and  consequently  the  radius 

of  the  circle  described  by  the  extremity. 
G  the  distance  in  feet  of  the  centre  of  gravity  of  the  water 
contained  in  the  arm,  from  the  centre. 

Let  the  area  of  the  section  be  constant  throughout  its  length,  and 
equal  to  unity,  and  let  iv  be  the  weight  of  the  water  contained  in  one 
foot  of  the  arm. 

Then  the  whole  weight  W  =  R  w,  and  G  =  — 

o  >  2 

a2  a-  Pv2 

And  the  centrifugal  force  =       "W  G*  =  — ^ —  w 

*  MoseleyV'  Mechanical  Principles  of  Engineering  and  Architecture,"  Equation  103,  p.  125. 
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column  representing  the  centrifugal  force  above  the  length  of  the 
vertical  pipe. 

If  Jt  l>e  the  length  of  the  vertical  pipe,  then  —} —  —  h  is  the  effective 


head,  and  the  velocity  of  flow  is  V  2#  ,  — -^  —  h  \   =  \/  or  R2  —  2  gh 

Lot  the  velocity  of  the  water  at  the  end  of  the  arm  be  V,  and  that  due  to 
the  length  of  vertical  pipe  h  =  v,  then  the  velocity  of  flow  =  VV2— v2 
and  since  the  area  of  the  section  of  the  arm  is  unity,  the  discharge  per 
second  is  also  represented  by  the  same  expression  y/V2— v2 

Next — to  estimate  the  amount  of  power  required  to  be  expended 
upon  the  machine  to  produce  this  discharge. 

Every  particle  of  the  water  contained  in  the  arm  has  the  same 
circular  motion  as  the  part  of  the  arm  it  is  in. 

The  water,  therefore,  as  it  leaves  the  arm,  has  a  velocity  equal  to 
that  of  the  outer  end,  and  its  direction  would  be  a  tangent  to  the 
circle  described  by  the  end. 

But  it  has  also  a  velocity  (that  of  the  discharge)  in  the  direction 
of  the  length  of  the  arm,  or  the  radius  of  the  circle  ;  its  actual 
motion,  therefore,  in  magnitude  and  direction,  will  be  represented  by 
the  diagonal  AE  of  the  parallelogram  ABED  in  Fig.  3,  Plate  60,  one 
side  of  which,  AD,  represents  the  first  velocity  above  mentioned,  and 
AB  or  DE  the  other. 

What  we  are  concerned  about  at  present  is  the  amount  only  of 
this  velocity. 

AE2  =  ED'2  +  AD2  =  AB2  +  AD2  =  (V2  -  v2)  +  Y2  =  V2-v2 
The  number  of  units  of  work  accumulated  in  a  body  moving  with  a 
given  velocity  (which  is  the  power  required  to  be  expended  to  produce 
that  velocity7)  is  represented  by  the  formula — 

w 

J        g 

where  v1  is  the  velocity,  and  w  the  weight. 

In  the  present  case  v\  =  2  V2  -  v2 


to  =  discharge  per  second  =  V  V2  —  v2 
(2  Y2-v2)  VY2^2 

Moseley's  "  Mechanical  Principle's,"  <fcc,  Equation  44,  page 
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the  direction  is  that  of  the  diagonal  of  the  parallelogram  AE,  Fig.  3, 
from  which  it  will  be  evident  that  the  length  of  the  path  which  mast 
be  described  by  the  water  before  the  trough  in  Fig.  4  could  be  reached 
must  be  rory  much  greater  than  in  the  case  supposed  above. 

We  must  therefore  come  to  the  conclusion,  that  unless  some  means 
can  be  devised  of  recovering  the  power  of  the  motion  of  the  water,  it 
must  be  thrown  away,  and  consequently  lost — for  it  is  only  by  mis- 
application or  waste  that  power  can  correctly  be  said  to  be  lost,  action 
and  reaction  being  always  equal. 

The  amount  of  this  loss  or  waste  of  power  is  then — 


V  VY2  -  v2       v-    ,= ,  _  2V2  -  v2    ,—— T> 

-  «-  V  V-  -  v  =  o v  V-  -  V 

g  %g  2<j 

The  expression  vanishes,  or  the  loss  is  nothing,  when  v  =  V,  or  when 
the  delivery  is  nothing,  that  is,  when  the  velocity  of  the  circumference 
is  that  due  to  the  height  h  of  the  arm  above  the  water. 

y2 

Since  the  total  power  expended  is  —  VV2  —  v2 

9 

v2   , 

And  the  useful  effect  is 0  V  V2  —  v2 

vl 

O-.  2 

The  per-centage  of  useful  effect  is     100      ^     =  ~—  X   100 

or  the  height  to  which  the  water  is  l'aised  divided  by  twice  the  height 

due  to  the  velocity  of  the  circumference  of  the  arm. 

Suppose,  then,  a  Pump  required  to  throw  a  certain  quantity  of 

water,  the  velocity  through  the  arm  may  evidently  be  made  very  little 

if  the  section  be  large ;  and  the  limit  to  which  this  enlargement  of  the 

section  may  be  carried  is  imposed  only  by  practical  convenience.     In 

this  case,  v2  is  but  little  less  than  V2,  and  may  be  taken  as  equal  in 

the  left-hand  factor  of  the  expression  for  the  waste  of  power,  which 

then  becomes — 

1  ys      

Waste  of  power  ....=„  —  W2  —  v2 


y*     

Total  power  expended  =        —  VV2  —  v2 

or  the  waste  is  exactly  one-half  the  power  expended. 
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In  alluvial  formations  of  great  depth,  a  firm  foundation  can  be 
obtained  only  at  great  expense.  In  such  cases,  the  simplicity,  the 
lightness,  the  cheapness,  and  it  may  be  added,  the  povtableness  of 
such  a  machine  as  the  Centrifugal  Pump,  are  advantages  which  may 
greatly  outweigh  its  want  of  economy  in  the  consumption  of  fuel. 


Mr.  Buckle  enquired  whether  indicator  figures  had  been 
taken  to  ascertain,  practically,  the  loss  of  power  in  work  done 
by  centrifugal  pumps  ? 

Mr.  Stein  (in  the  absence  of  Mr.  Robertson,  the  author  of 
the  paper,  who  was  prevented  by  illness  from  attending),  ex- 
plained that  the  paper  was  only  intended  to  investigate  the 
theory  of  centrifugal  action,  as  applied  to  raising  water,  not 
the  practical  results  of  machines  that  had  been  constructed ; 
the  object  was  to  show  that  the  centrifugal  action  is  not  the 
one  to  be  aimed  at,  being  a  losing  action,  as  far  as  raising  the 
water  is  concerned. 

Mr.  Buckle  said  he  thought  that  in  raising  water  it  was 
best  to  lift  the  water  by  direct  action,  and  there  was  a  loss  of 
power  in  giving  it  a  circular  motion. 

Mr.  Stein  observed,  that  in  centrifugal  pumps  there  is  not 
only  the  radial  action  from  the  centre  to  the  circumference, 
but  also  that  in  the  direction  of  the  tangent  ;  the  former  only  is 
effective  in  raising  the  water,  the  latter  being  all  lost,  and  only 
making  the  water  revolve  round  a  fixed  centre,  which  absorbed 
so  much  of  the  power  uselessly. 

Mr.  Buckle  considered  a  balanced  bucket-and-clack  pump 
best  for  short  lifts,  and  a  plunger-pump  with  equilibrium  clacks 
best  for  all  high  lifts.  He  asked  what  was  the  limit  to  the  height 
to  which  water  could  be  raised  by  centrifugal  pumps  ? 

Mr.  Stein  said  there  was,  theoretically,  no  limit  to  the  height, 
it  only  depended  on  the  velocity  given  to  the  circumference  of 
the  arms. 

Mr.  Phipps  thought  that  quite  an  erroneous  view  of  the 
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Mr.  Edwards,  of  Birmingham,  said  he  had  manufactured 
several  of  Q-wynne's  centrifugal  pumps,  and  be  had  recently 
tried  an  experiment  with  one  thai  contained  some  further  improve- 
ments of  his  own  invention,  having  a  revolving  disc  13  inches 
in  diameter,  and  driven  at  800  revolutions  per  minute  ;  it  raised 
650  gallons  of  water  per  minute  to  a  height  of  17^  feet,  with  a 
five-horse  power  steam  engine,  which  he  considered  was  equal 
t<>  a  duty  of  "0  per  cent. 

Mr.  Crampton  inquired  whether  the  actual  power  had  been 
measured  that  was  developed  by  the  engine,  and  employed  in 
thai  experiment,  by  moans  of  an  Indicator  or  otherwise?  He 
believed  that  an  effecl  of  70  per  cent,  of  the  power  employed 
had  been  found  to  be  obtained  in  Appold's  Pump  at  the  Exhi- 
bition, but  only  about  half  that  effect  from  Gwynne's  Pump. 

Mr.  Edwards  replied  that  the  power  had  not  been 
measured  by  an  Indicator  in  his  experiment,  but  had  been 
calculated  from  the  dimensions  of  the  engine  and  the  pressure 
of  steam  at  the  time,  which  he  thought  would  be  nearly  cor- 
rect. It  was  a  high-pressure  steam  engine,  with  a  cylinder 
8-inch  diameter  and  '18-inch  stroke,  working  100  double 
strokes  per  minute,  and  the  steam  was  at  45  lbs.  per  inch  ;  the 
back  pressure,  he  thought,  would  not  be  more  than  about  2  lbs. 
per  inch  on  the  piston. 

Mr.  Buckle  observed,  that  it  was  very  deceiving  to  form 
any  estimate  of  the  power  given  out  by  a  steam  engine  from 
the  pressure  of  the  steam  in  the  boiler;  and  it  was  impossible 
to  ascertain  the  effective  moving  pressure  in  the  cylinder  unless 
by  taking  indicator  figures. 

Mr.  McConnell  considered  it  was  essential  in  such  experi- 
ments to  measure  the  power  employed  by  means  of  indicator 
figures  from  the  engine,  or  some  kind  of  dynamometer,  as  no 
accurate  practical  results  could  be  obtained  otherwise ;  and  he 
thought  it  was  very  desirable  to  obtain  more  correct  data  than 
appeared  to  be  accessible  at  present,  for  a  further  discussion  of 
so  important  a  subject 
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Tf  water  be  present  with  the  steam  in  the  cylinder  during  expan- 
sion, as  there  commonly  is,  the  heat  of  surcharge  would  convert  a 
part  of  this  water  into  steam.  If  100  lbs.  steam  be  expanded  down 
to  l'11  or  80  lbs.,  the  accession  of  steam  in  this  way  would  be  about 
•j^,h  of  what  is  originally  admitted;  although  the  difference  is  so 
small,  even  for  so  prolonged  an  expansion,  as  not  to  require  further 
consideration  in  the  present  inquiry. 

The  slow  diagrams  from  No.  13  Caledonian  Railway  Engine, 
Fig.  1,  Plate  61,  supply  examples  of  the  results  of  condensation, 
and  its  influence  in  modifying  the  expansion-line.  If  the  steam 
which  is  cut  off  be  permitted  to  expand  in  the  cylinder  without  any 
abstraction  of  its  own  heat,  there  can  be  no  alteration  of  the  whole 
quantity  or  mass  of  steam,  whatever  the  change  of  volume  may  be  ; 
and  the  quantity  of  steam  virtually  saturated,  indicated  at  the  end 
of  the  expansion,  or  at  any  intermediate  stage,  should  be  found  the 
same  as  at  the  commencement.  If  it  be  either  greater  or  less, 
some  change  by  condensation  or  otherwise  must  have  taken  place  in 
the  condition  of  the  expanding  steam.  Referring  to  the  diagrams 
from  No.  13,  (for  which  the  points  of  distribution  of  the  steam  have 
already  been  given  in  the  first  paper) — if  the  whole  clearance  at  the 
end  of  the  cylinder,  including  the  poi*t,  measured  by  1|  inches  of 
stroke,  be  added  to  the  volumes  of  the  steam  at  the  beginning  and 
end  of  the  expansion,  the  sums  so  found  will  be  measures  of  the 
total  initial  and  final  volumes  of  the  steam  expanded,  and  the  ratios 
of  these  volumes  for  each  notch  are  contained  in  the  2nd  column  of 
table  No.  6,  following.  The  observed  initial  and  final  sensible 
pressures  are  added  in  columns  3  and  4.  Dividing,  in  each  case,  the 
total  volume  of  the  steam,  (equal  to  the  product  of  the  area  of  the 
piston  and  the  length  of  stroke  representing  the  volume)  by  the 
relative  volume  dixe  to  the  pressure,  the  quotient  is  the  water- 
equivalent,  or  the  volume  of  water  at  60°  from  which  the  steam  is 
formed.  The  initial  and  final  water-equivalents  for  each  notch  are 
entered  in  cols.  5  and  6,  and  their  differences  in  col.  7,  distin- 
guished as  positive  (-f)  if  in  excesss  of  the  initial  quantity,  and  as 
negative  ( — )  if  in  deficiency;  the  8th  col.  contains  the  values  of 
these  differences  as  per-centagea  of  the  initial  equivalents.  In 
col.    9  arc    the    pressures    with*  which    the   expansion    would   have 
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tion  is  made  visible  by  the  sinking  of  the  expansion-curve  below 
the  standard  throughout  the  whole  of  its  length.  In  No.  2,  also, 
this  takes  place  to  a  small  extenl  for  the  firal  half  of  the  curve, 
when  the  temperatures  of  the  steam  and  the  materia]  of  the 
cylinder  become  equal ;  after  this,  as  the  pressure  continues  to 
fall,  and  the  temperature  of  the  strain  with  it,  the  curve  rises  and 
-  the  standard  curve  at  the  end.  in  virtue  of  a  partial  re-evapo- 
ration of  the  steam  previously  precipitated,  caused  by  the  cylinder 
itself,  which,  colder  than  the  steam,  and  heated  by  it  in  the  first 
of  tin  expansion,  is  now  relatively  hotter,  and  partially 
restores  the  heat  of  which  it  had  previously  robbed  the  steam. 

In  Nos.  3  and  4,  the  process  of  successive  condensation  and 
re-evaporation  is  still  more  distinctly  brought  out.  In  these  cases, 
the  greater  portion  of  the  heat  engaged  in  the  restoration  of  the 
steam  during  expansion  must  have  been  absorbed  by  the  cylinder, 
by  condensation  of  the  steam  during  admission.  A  reference  to 
cols.  7  and  s  shows  the  magnitude  of  this  condensing  agency,  for 
under  the  3rd  and  4th  notches,  the  observed  final  equivalents  are 
shown  to  exceed  the  initial  by  19  and  45  per  cent,  of  the  latter 
respectively  ;  which  proves  that,  in  the  two  cases,  at  least  19  and 
45  per  cent,  of  the  steam  admitted  must  have  been  condensed  during 
admission,  as  the  additional  steam  can  have  been  obtained  from  no 
other  source.  Although  the  actual  expansion-curves,  Nos.  3  and  4, 
indicate  much  higher  mean  pressui'es,  during  expansion,  than  the 
standard  curves,  and  may  so  far  be  viewed  as  superior  results, 
the  favourable  difference  is  only  a  partial  amends  for  the  much 
greater  loss  by  initial  condensation  ;  and  an  expansion-curve  may 
be  construct fd  backwards,  in  terms  of  the  indicated  mass  of  steam 
at  the  end  of  the  expansion,  to  show  from  what  initial  pressure  this 
ma^s  of  steam  could  have  expanded,  had  there  been  no  condensation. 
Take  No.  4,  for  example  The  final  pressure  at  E  is  13  lbs.,  for 
which  the  relative  volume  is  939,  and  the  ratio  of  the  initial  and 
tinal  total  volumes,  or  the  degree  of  expansion,  is  1  to  2-66  ;  then 
939  -^  266  =  353,  which  is  the  relative  volume  for  66£  lbs.  steam 
at  the  point  of  suppression.  Tracing  the  expansion-curve  EF  for  this 
pressure,  as  in  the  drawing,  for  which  any  number  of  intermediate 
point,   may    be    found   in    the   .same    way,   and   drawing  a   horizontal 
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Britain,"  of  winch  specimens  were  given  in  the  last  paper,  the 
following  table,  No.  7.  contains,  in  ool.  1,  the  initial  and  final 
volumes  of  the  steam  expanded,  olearance  included)  measured  in 
inches  of  the  Btroke;  in  cols.  3  and  1.  the  observed  initial  and 
final  pressures;  in  cola  5  and  6,  the  initial  and  final  water- 
equivalents  of  the  expanded  steam,  deduced  in  tonus  of  the  capa- 
city of  the  cylinder,  and  the  relative  volumes  of  steam  due  to  the 
pressures  ;  col.  7  contains  the  differences  of  these  equivalents.  At 
the  foot  of  the  table  are  added  the  means  for  each  notch. 

h    appeal's  that   for  each   notch    the  influence  of   speed  on  the 
relation   of    the    initial   and    final    water  equivalents    of   the    steam 
expanded   is  nearly    inappreciable.       Dealing,    therefore,    with   the 
means,  it  appears  that  the  mean  differences,  col.  7,  constitute, — 
For  the  1st  notch,  3  per  cent,  of  the  initial  equivalent. 
,,       3rd      ,,      Oj  ,,  ,,  ,, 

>)      5th      ,,      2£  ,,  ,,  „ 

These  per-centag  practically  nothing,  and  the  virtual  con- 

stancy of  the  mass  of  expanding  steam  during  expansion,  thereby 
proved,  shows  that  for  the  greatest  observed  degrees  of  expansion 
in  the  cylinder  of  the  "  Great  Britain,"  no  change  in  the  condition 
of  the  steam  is  observable,  and  that  there  is,  consequently,  no  con- 
densation at  all. 

Experiments  made  by  the  writer  on  some  of  the  engines  of  the 
Edinburgh  and  Glasgow  Railway,  with  inside  cylinders,  lead  to  the 
same  conclusion. 

Of  the  numerous  diagrams  obtained  from  the  outside-cylinder 
engines  of  the  Caledonian  Railway,  seventy-six  were  selected  by  the 
writer  as  average  samples  of  diagrams  obtained  by  him  during  the 
regular  work  of  the  engines.  These  have  been  analysed  in  the  way 
adopted  for  those  of  the  "  Great  Britain,"  and  the  mean  results  for 
each  engine  are  tabulated  below,  ranging  from  9  per  cent,  deficiency, 
much  as  67  per  cent,  excess  at  the  greatest  expansion.  Spe- 
cimens of  the  diagrams  from  No.  42,  Passenger-engine,  and  from 
No.  125,  Goods-engine,  are  given  in  Fig.  2,  Plate  61.  These 
diagrams  were  taken  by  McNaught's  indicator,  and  the  dotted 
lines  show  the  actual  curves  which  are  affected  by  the  oscillation, 
to   which   that   indicator   is   subject   at  high   velocities.     The   mean 
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and  terminates  a1  E,  the  point  due  to  an  expanded  volume  of  3*4, 
and  to  a  per-oentage  of  70,  and  would,  it'  produced,  meet  the  vertical 
from  B,  at  92^  per  cent.  The  straightness  of  the  line  implies  that 
the  indicated  per-centage  of  condensation  increases  uniformly  with 
tin-  relative  volume  by  expansion.  For  an  expansion  of  1*53  times, 
the  per-centage  of  condensation,  or  indicated  difference  of  equivalents, 
is  nothing  ;  and,  generally,  for  expansions  advancing  by  half-volumes, 
the  per-centages  are  as  follows  : — 


Expanded  Volumes, 
t he  Initial  Volume  being  —  1. 

Indicated  Per-centages 
of  Condensation. 

1-5 

-  n 

1-53 

0 

2 

m 

2-5 

36J 

O 

55 

3-5 

73£ 

4  92£ 

For  every  half-volume  of  expansion  there  is  an  increase  of  18  £ 
per  cent,  of  indicated  condensation,  and  this  becomes  so  serious, 
that  for  an  expansion  of  four  times,  if  this  were  practicable  with 
ordinary  valves  and  link-motions,  there  would  be  92£  per  cent,  of 
loss  by  condensation,  or  a  loss  of  nearly  one  half  of  the  total 
quantity  of  steam  admitted. 

For  ready  reference  it  is  expedient  to  find  the  relative  expansion 
and  indicated  condensation  for  different  periods  of  admission, 
yielded  by  ordinary  link-motions.  The  following  table,  No.  9, 
contains  in  col.  2  the  total  expanded  volumes  due  by  the  nature  of 
link-motion  to  the  several  periods  of  admission  in  col.  1,  and  col.  3 
contains  the  relative  indicated  per-centages  of  condensation  due  to 
these  expansions,  measured  from  the  diagram. 

Though  the  losses  shown  in  the  3rd  column  are  great, 
the  real  losses  must  be  still  greater;  because  the  restoration 
of  condensed  steam,  by  which  the  losses  have  been  measured, 
cannot  be  entire.  The  indications,  indeed,  fail  to  show  any  loss 
at  all,  at  50  per  cent.,  as  the  re-evaporation  balances  the  condensa- 
tion   during    expansion.       For  -  75    per    cent.,    the    re-evaporation 
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would  actually  have  been  described  had  there  been  no  condensation, 
but  such  as  might  have  been  described  by  the  quantity  of  steam 
which  the  final  pressure,  during  expansion,  proves  to  have  been 
admitted.  The  loss,  by  condensation,  could  not  have  been  less  than 
shown  by  the  shaded  area,  but  was  certainly  greater  in  amount,  for  it 
appears  that  a  portion  of  the  steam  admitted,  and  sometimes  a 
considerable  amount  of  it,  is  buried  for  ever,  and  is  not  resuscitated 
at  all  at  the  end  of  the  expansion.  This  is  proved  by  the  great 
increase  of  back  pressure  that  takes  place  when  a  high  degree  of 
expansion  is  used,  from  the  lower  temperature  of  the  cylinder,  as 
illustrated  by  the  diagrams  in  Fig.  9,  which  must  have  been  caused 
by  the  quantity  of  precipitated  steam  still  remaining  in  the  cylinder 
after  expansion. 

Col.  4  contains  the  approximate  losses  as  revised  in  the  way 
above  described,  in  parts  of  the  indicated  steam  admitted.  Adding 
the  lost  steam  admitted  to  that  indicated,  the  sum  expresses  the  whole 
steam  admitted  and  expended ;  and  col.  5  contains  the  per-centage  of 
approximate  loss,  expressed  in  terms  of  the  whole  steam  so  xised, 
which  is  a  more  convenient  form  for  reference.  From  this  column 
it  appears  that  for  40  per  cent,  admission,  17  per  cent.,  or  one- sixth 
of  the  steam,  is  condensed;  for  30  per  cent.,  one-fourth;  for  20  per 
cent.,  one-third  ;  and  for  12  per  cent.,  or  mid-gear,  two-fifths,  or  not 
far  from  one-half. 

It  must  be  added  that  the  foi'egoing  deductions  are  based  on 
steam-pressures  under  60  lbs.,  generally  about  50  lbs.  during 
admission.  For  higher  pressures,  and  admissions  above  half- 
stroke,  the  condensation  is  proportionally  less,  as  will  afterwards 
be  shown. 


Proof  of  the  condensation  of  steam  in  outside  cylinders,  by  com- 
parison of  the  indicated  consumption  of  steam  with  the  measured  con- 
sumption of  water. — Arguments  for  condensation  based  upon  the 
measured  consumption  of  water  must  be  received  with  caution, 
because  in  some  cases  an  excess  of  water  passes  off  as  "  priming," 
without  ever  being  evaporated  at  all.  In  the  following  discussion, 
care  will  be  taken  to  avoid  this  source  of  error. 
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For  the  purpose  of  testing  this  comparison,  the  following  experi- 
ment was  tried  by  the  author  on  the  actual  consumption  of  water 
by  an  outside  cylinder  express  engine,  No.  42,  for  a  trip  of  105 
miles,  from  Glasgow  to  Carlisle,  on  the  Caledonian  Railway,  with  a 
train  averaging  (.'»!  carriages  :  the  time  of  the  trip  being  3  hours 
22  minutes,  including  five  stoppages. 

Indicator-diagrams  were  taken  from  the  cylinder  at  intervals  of  one 
or  two  miles,  and  the  notch  of  the  expansion  gear  observed  for  each 
diagram,  and  the  points  of  the  line  where  each  change  of  notch  was 
made.     The  results  are  shown  in  the  accompanying  Table,  No.  10. 

The  several  points  of  cutting  off,  expansion,  and  compression 
were  accurately  ascertained  by  means  of  the  slow  diagrams ;  from 
which  were  calculated  the  exact  quantities  and  pressures  of  sensible 
steam  actually  consumed  in  each  interval  of  the  trip,  and  the  water- 
equivalents  for  the  several  quantities  of  steam  present  in  the 
cylinder;  which,  multiplied  by  the  number  of  strokes  of  the  two 
cylinders  in  each  interval,  gives  the  total  quantity  of  water  efficiently 
used  as  steam. 

The  following  final  results  were  thus  obtained  : — 


1 

2 
3 

4 

Water  used  as 
Sensible  Steam. 

Water 

Consumed  as 
Measured. 

Excess. 

Glasgow     to  \ 

Motherwell  ) 
Motherwell    ) 

to  Carstairs  j 
Carstairs   to  i 

Beattock       ( 
Beattock    to  ) 

Carlisle         j 

30-76  ft. 
43-91  „ 
57-28  „ 
62-42 

35-82  ft. 
48-85  „ 
67-74  „ 
79-50  „ 

5-06  ft.,  or  14  per  cent. 

4-94  „  or  10  do. 
10-46  „  or  15i  do. 
1706  „    or  21£    do. 

Total,        ) 

Glasgow  to    > 

Carlisle      ) 

194-37  ft. 

231-91  ft. 

37-54  ft.,  or  16£  per  cent. 

The  examination  of  the  indicator-diagrams  in  the  manner  em- 
ployed before,  by  comparing  the  initial  and  final  water-equivalents 
of  the  steam  during  expansion,  shows  that  at  least  13  per  cent,  of 
this  loss  of  16  j  per  cent,  was  due  to  condensation,  and  it  is  probable 
that  no  appreciable  proportion  was  due  to  priming ;  indeed  the  least 
loss  was  observed  to  take  place  with  the  least  degree  of  expansion, 
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sti-okc,  and  the  diagram  D  at  one-sixth  of  the  stroke.  The  latter,  D, 
though  it  had  the  advantage  of  a  much  earlier  exhaust,  and  only 
one-fourth  of  the  quantity  of  steam  to  discharge,  was  affected  with 
lOlbs.  more  back  pressure  than  the  former,  0,  when  working  in 
full  gear.  This  great  back  pressure  was  maintained  over  a  con- 
tinued run  of  twenty  miles,  when  of  course  the  cylinders  had  got 
into  their  working  heat  for  that  degree  of  expansion  ;  and  the 
inference  is  that  the  steam  was  loaded  with  water  of  condensation, 
(proved  also  by  the  expansion-curve,)  which  was  with  difficulty  ex- 
pelled, and  which  only  became  proportionably  less  when  the  degree 
of  expansion  was  diminished ;  and,  consequently,  the  mass  of  steam 
increased  that  was  to  be  cooled  within  the  same  superficies  of 
cylinder. 

That  the  total  mass  of  the  steam  has  much  to  do  with  the  conden- 
sation is  proved  by  the  diagrams  E  and  F,  Fig.  3,  Plate  62,  taken 
under  the  same  degree  of  expansion,  and  at  the  same  speed,  but 
with  75  and  201bs.  steam  respectively  admitted  to  the  cylinder.  In 
the  latter  diagram,  F,  the  back  exhaust  pressure  is  71bs.  greater 
than  in  the  former  diagram,  E,  although  the  total  quantity  of  steam 
to  be  discharged  was  so  much  less.  In  the  latter  case,  indeed,  there 
was  found  to  be  an  excess  of  18  per  cent,  of  the  whole  water  used 
over  the  indicated  steam  expended,  which  was  most  probably 
altogether  by  condensation,  as  the  rate  of  consumption  was  so 
moderate  as  to  preclude  any  likelihood  of  priming. 

Now  here  is  a  case  where,  in  the  same  class  of  engines,  the  back 
exhaust  pressure  increases  as  the  quantity  of  steam  to  be  discharged 
becomes  less,  notwithstanding  that  the  facility  for  exhaust  increases 
at  the  same  time.  This  is  clearly  a  case  of  water  in  the  cylinder, 
the  quantity  of  which  increases  with  the  degree  of  expansion ;  and 
the  water  is  as  clearly  a  precipitation  of  steam  by  condensation. 
Also,  though  a  full  admission  of  steam  at  higher  pressures  may 
reduce  the  proportion  of  condensation,  yet  whenever  expansive 
working  is  attempted  by  cutting  off  earlier,  the  heavy  back  pressure 
and  the  course  of  the  expansion-line  alike  show  that  no  pressure  of 
steam,  however  high  during  the  admission,  can  mitigate  the  evils  of 
condensation  in  exposed  cylinders. 

Evidence  from  the  proportions  of  the  valve-gear. — The  remarkable 
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beyond  the  eocentrio-rod  ends,  and  thereby  increasing  the  range  of 
the  sliding  blocks,  and  the  maximum  (ravel. 

The  formidable  degree  of  condensation  which  accompanies  high 
expansion  in  partially-protected  cylinders,  accounts  for  the  opinion 
held  by  men  of  experience  o(  the  inutility,  for  economical  ohjects, 
of  cutting  off  the  steam  earlier  than  at  half-stroke,  for  the  proved 
advantage  of  expansive  working  in  inside  cylinders  is  neutralised 
in  outsides  by  the  condensation.  Mr.  Buddicom,  of  the  Rouen 
Railway,  led  the  way  in  the  re-introduction  of  outside  cylinders  in 
this  country  ;  and  to  this  day,  he,  and  some  of  his  followers,  have 
adhered  to  the  fixed  gab-motion. 

Conditions  on  which  the  expansive  working  of  steam  in  locomotives 
may  be  carried  out  with  efficiency  and  success. — The  first  condition  is 
to  perfectly  protect  the  cylinders,  and  to  maintain  them  at  a  tem- 
perature at  least  as  high  as  that  of  the  steam  admitted  to  them.  Simple 
non-conducting  envelopes  are  not  sufficient ;  external  supplies  of 
heat  must  be  employed,  and  the  application  of  a  steam-jacket  to 
the  cylinder  would  be  advantageous,  when  other  sources  of  heat 
are  not  readily  available.  The  writer  tried  an  experiment  with  the 
"  Orion,"  Edinburgh  and  Glasgow  Railway,  which  has  its  cylinders 
suspended  in  the  smoke-box,  like  the  "  Great  Britain's,"  in  which, 
by  the  xise  of  partitions,  the  hot  air  from  the  tubes  was  directed 
entirely  round  the  cylinders,  previously  to  its  emerging  by  the 
chimney ;  but  he  could  not  detect  the  slightest  change  in  the 
performance  of  the  engine,  probably  because  the  hot  air  was  really 
very  little  hotter  than  the  steam,  and  the  closer  contact  made  no 
difference.  For  cylinders  already  well  protected,  more  thorough 
modifications  would  be  required  to  make  a  sensible  improvement. 
The  steam  should  also  be  surcharged,  previously  to  entering  the 
cylinder,  by  passing  over  an  extensive  heating  surface,  deriving  its 
heat  from  the  atmosphere  of  the  smoke-box,  or,  if  necessary,  from 
a  hotter  source. 

The  writer  has  lately  been  favoured  with  the  results  of  experi- 
ments made  by  Mr.  W.  C.  Hare,  of  Stonehouse,  Devon,  on  a  small 
engine,  with  cylinder  ?j\  x  8  inch  stroke,  and  a  boiler  having  9  feet 
of  heading  surface.     He  employedsa  special  coil  of  40  feet  of  half-inch 
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the  highest  pressure  at  which  it  is  advisable  to  work  a  locomotive, 
consistent  with  tin-  fair  working  and  durability  of  its  parts.  The 
maximum  pressure  being  settled,  and  it  being  assumed  that  the  same 
pressure  Is  bo  be  maintained  in  the  cylinder  during  admission,  the 
degree  "t'  expansion  to  bo  adopted  determines  the  capacity  of  the 
cylinder  to  develope  the  necessary  average  power.  Long  strokes 
are  not  advisable  on  the  score  of  stability,  at  least  for  outside 
cylinders,  and  large  diameters  should  rather  be  adopted;  for  the 
same  reason,  large  wheels  are  preferable. 

Thirdly,  in  the  details  of  the  mechanism,  the  cylinder  should 
be  arranged  to  have  the  shortest  practicable  steam-way ;  as,  for 
short  admissions,  a  long  steam-way  deducts  very  much  from  the 
efficiency  of  the  steam.  Such  an  arrangement  would  be  greatly 
promoted  by  the  introduction  of  balanced  valves,  or  such  as  have 
provision  for  preventing  the  steam-pressure  on  the  back  of  the 
valve  ;  as,  by  being  balanced,  they  could  with  facility  be  made  large 
enough  to  embrace  the  whole  length  of  the  cylinder.  The  loads 
which  ordinary  valves  are  forced  to  carry  on  their  backs  are  enor- 
mous ;  and  though  there  is  certainly  no  momentum  in  these  loads  to 
contend  with,  yet  the  friction  of  surfaces  due  to  the  loads  is  very 
great,  even  at  the  most  moderate  computation. 

In  this  attempt  at  an  elucidation  of  the  action  of  steam  in  the 
locomotive  engine,  the  writer  has  endeavoured  to  keep  constantly  in 
view,  that  the  proper  observation  and  registration  of  facts  supply 
the  only  sure  basis  on  which  principles  of  practical  utility  can  be 
founded  ;  as,  in  the  conduct  of  investigations  affecting  the  material 
laws  of  nature,  the  inquiry  must  be  tempered  with  that  considera- 
tion for  practical  necessities  which  cannot  be  disregarded  with 
impunity. 


Mr.  Buckle  observed  that  the  Paper  appeared  to  be  pre- 
pared with  great  care,  and  was  a  valuable  collection  of  practical 
information. 

Mr.  Cramiton  inquired  whether  it  was  intended  in  the 
Paper  that  outside  cylinders  could  not  be  effectually  protected  ? 
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in  the  four  cylinders.  This  increase  of  effect  appeared  to  be 
entirely  due  to  the  greater  amount  of  condensation  that  took 
place  in  the  lour  cylinders  than  in  the  two  cylinders.  There 
were  no  steam  jackets,  only  ordinary  clothing  on  the  cylinders, 
and  he  thought  much  improvement  was  required  in  this  respect 
in  marine  engines,  and  uVwas  a  matter  well  deserving  the  con- 
sideration of  engineers. 

In  reply  to  an  inquiry,  he  said  the  boilers  were  working  with 
salt  water,  but  he  did  not  think  that  would  affect  the  result. 

Mr.  Clark  said  he  had  found  that  even  at  the  highest 
speeds  in  locomotives  there  was  great  condensation  with  high 
degrees  of  expansion,  except  in  the  case  of  well-protected 
inside  cylinders. 

Mr.  Peacock  suggested,  that  part  of  the  effect  in  the  ex- 
periment mentioned  by  Mr.  Crampton  might  have  been  due  to 
the  smaller  amount  of  friction  in  the  two  cylinders  than  in  the 
four  cylinders,  when  giving  out  the  same  total  amount  of  power. 

Mr.  CRAMPTON  replied,  that  a  greater  effect  was  found  to  be 
produced  alter  allowance  was  made  for  the  friction,  by  taking 
indicator-diagrams,  and  the  relative  consumption  of  the  water. 

M  r.  Whytehead  thought  the  loss  by  back  pressure  would 
also  be  less  in  the  case  of  the  two  cylinders  than  with  the  four. 

Mr.  Bovill  enquired  whether  Mr.  Crampton  could  give  the 
result  of  any  trials  of  the  relative  consumption  of  steam,  with  un- 
protected cylinders,  and  with  steam  jackets? 

Mr.  Crampton  replied  that  he  could  not  give  the  exact 
comparison. 

Mr.  E.  A.  Cowper  exhibited  an  indicator-diagram,  which  he 
had  obtained  from  a  35-horse-power  stationary  engine,  cutting 
off  at  about  ^-stroke,  and  working  expansively,  on  which  he  had 
drawn  the  true  expansion  curve,  according  to  Pambour;  the 
difference  between  the  actual  and  the  theoretical  curve  was  a 
confirmation  of  Mr.  Clark's  observations,  the  actual  curve 
having  fallen  below  the  theoretical  at  the  commencement,  and 
gradually  risen  a  little  above  it  at  the  latter  part  of  the  expan- 
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The  amount  of  heat  required  to  convert  one  pound  of  Water 
into  Steam  of  different  pressures  has  occupied  the  attention  of 
Natural  Philosophers  from  the  earliest  periods  of  the  modern 
Steam  Engine. 

Dr.  Black  observed,  about  a  century  ago,  that  a  large  quantity 
of  heai  was  absorbed  by  water  in  its  conversion  into  Steam  (not 
accompanied  by  an  increase  of  temperature),  which  he  termed 
"the  Latent  heat  of  Steam."  His  apparatus  consisted  simply  of  a 
metallic  vessel  containing  water,  which  he  exposed  to  a  very  regular 
fire;  and  from  the  comparative  time  which  was  occupied,  first  in 
raising  the  temperature  of  the  water  to  the  boiling  point,  and, 
secondly,  in  effecting  the  evaporation,  he  approximately  determined 
the  amount  of  latent  heat.  Resuming  the  experiment,  in  conjunc- 
tion with  Dr.  Irvine,  he  employed  a  different  apparatus,  consisting 
of  a  Steam  Generator,  and  of  a  Surface  Condenser,  or  a  Serpentine 
Tube,  surrounded  by  a  large  body  of  cold  water. 

The  Steam  which  condensed  in  the  Serpentine  Tube  was  care- 
fully collected  and  weighed,  and  the  rise  of  temperature  of  the 
surrounding  water  was  observed,  which,  multiplied  by  its  known 
quantity,  represented  the  total  quantity  of  heat  which  the  Steam 
had  yielded. 

The  quantity  of  heat  requisite  to  raise  the  temperature  of  one 
pound  of  water  through  1°  Fahr.  being  taken  for  the  unit  of  heat, 
Black  and  Irvine  obtained  for  the  total  quantity  of  heat  in 


Steam  of  atmospheric  pressure,  the 

number    ...       954 

Southern     

1021 

Watt  obtained  the  number 

1140 

Regnault 

1145 

Dr.  Ure     

1147 

Desprer,  1136,  but  later 

1152 

Brix 

1152 

Gay  Lussac  and  Clement 

1170 

Count  Rumford 

1206 

All  of  these   eminent  Experimentalists  employed  essentially  the 
same  apparatus,  and  the  differences  between  their  results  proves  its 
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cylindrical  vessel  of  tin-plate  A,  which  is  surrounded  by  an  outer 
vessel  filled  with  charcoal  BB,  or  other  non-conducting  material. 
A  Steam-pipe  0,  with  a  contracted  glass  vein  D,  enters  the  inner 
1  in  a  slanting  position,  in  order  that  the  water  of  priming  from 
the  boiler,  and  of  condensation  within  the  pipe,  may  return  to  the 
former,  allowing  only  a  small  jet  of  pure  steam  to  enter  the  vessel, 
where  it  suddenly  expands  and  communicates  its  temperature  to 
the  bulb  of  a  thermometer  E,  which  is  inserted  through  a  stuffing- 
box  from  above.  The  lower  extremity  of  the  inner  vessel  A  is 
connected  on  the  one  hand  to  a  mercury  gauge  G,  and  on  the  other 
to  a  condenser,  by  means  of  a  stop-cock  to  regulate  the  pressure. 
The  pressure  and  temperature  of  the  Steam  within  the  boiler  being 
known,  and  the  temperature  of  the  expanded  steam  observed,  it  will 
be  seen  whether  that  temperature  coincides  with  the  temperature 
which  is  due  to  pressure  indicated  by  the  inercury  gauge.  If  it  did, 
then  Watt's  law  would  be  confirmed,  but  since  the  temperature  rises 
higher  than  is  due  to  the  pressure,  it  follows  that  the  high-pressure 
Steam  contains  an  excess  of  heat,  which  serves  to  super-heat  the 
expanded  Steam.  All  losses  of  heat  from  the  apparatus  would  tend 
to  reduce  the  temperature,  and  be  in  favour  of  Watt's  law ;  but  it 
will  be  shown  that  those  losses  may  be  entirely  eliminated,  and  a 
true  quantitative  result  be  obtained.  For  this  purpose  the  pressure 
in  the  boiler  should  first  be  raised  to  its  highest  point,  and  the 
indicating  apparatus  be  well  penetrated  by  the  heat ;  the  fire  under 
the  boiler  should  thereupon  be  reduced,  and  observations  made 
simultaneously,  and  at  l-egular  intervals,  of  the  declining  pressure 
within  the  boiler,  and  temperature  of  the  expanded  Steam  of  con- 
stant pressure.  The  pressures  being  nearly  equal,  the  fire  under 
the  boiler  is  again  increased,  and  the  observations  continued  until 
the  maximum  pressure  is  once  more  obtained ;  and  the  loss  of  heat 
by  radiation,  &c,  may  be  correctly  estimated,  by  a  comparison  of 
the  two  series  of  observations. 


The  second  portion  of  this  paper  relates  to  the  rate  of  expansion 
of  Isolated  Steam  by  heat,  that  is,  steam  isolated  from  the  water 
from  which  it  is  generated. 
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forward,  until  all  the  water  is  converted  into  steam.  The  tempera- 
ture continuing  to  increase,  the  piston  will  continue  its  course  more 
dowly  upon  the  scale,  where  its  progress  is  noted  from  time  to  time, 
together  with  the  temperature. 

The  experiment  is  continued  until  the  temperature  reaches  about 
100  ,  when  the  oil  begins  to  boil.  The  gas  flame  is  then  withdrawn, 
and  the  hath  allowed  to  cool  gradually.  The  observations  of  the 
temperature  and  the  position  of  the  mercury  piston  are  continued 
until  the  Steam  contained  behind  it  is  recondensed.  A  comparison 
between  the  two  series  of  observations  gives  the  correct  mean  of  the 
experiment,  by  which  the  effects  of  the  friction  of  the  mercury 
piston,  any  possible  slight  leakage  of  Steam  past  it,  and  faults  con- 
sequent on  the  slow  transmission  of  heat,  are  completely  neutralized. 

The  curve  A  on  Fig.  3,  Plate  64,  has  been  drawn,  expressing 
the  rate  of  expansion  of  atmospheric  Steam  according  to  these 
experiments.  The  results  of  nine  separate  experiments  very  nearly 
coincide,  (as  shown  by  the  dotted  lines,  which  give  the  extreme 
variation  in  the  experiments,)  except  at  the  starting  point,  where  the 
rate  of  expansion  is  so  very  great  that  it  is  difficult  to  obtain  correct 
observations ;  changes  in  the  barometer,  moreover,  affect  the  curve 
in  the  vicinity  of  the  boiling  point.  To  obviate  the  effect  of  these 
inaccuracies,  the  unit  of  volume  in  laying  down  the  curves  from 
each  of  the  nine  experiments  was  taken,  not  at  the  absolute  boiling 
point,  but  at  250°,  where  the  expansion  had  already  assumed  a 
definite  course. 

The  diagram  also  shows  a  straight  line  B,  expressing  the  rate  of 
expansion  of  common  Air,  which  at  first  diverges  greatly  from  the 
hyperbolic  curve  of  expansion  of  steam,  although  the  assymptote 
of  the  latter  seems  to  run  parallel  to  the  former.  The  Author  con- 
siders it  therefore  highly  probable,  "  that  the  rate  of  expansion  of  all 
gases  may  be  expressed  by  one  hyperbola,  ivhich  starts  from  the  condensing 
point  of  the  gas,"  and  that  the  apparently  uniform  rate  of  expansion 
of  the  permanent  gases  may  be  accounted  for  by  their  gx-eat  eleva- 
tion, at  the  ordinary  temperature,  above  their  supposed  boiling 
point,  in  consequence  whereof  the  true  curve  approaches  so  nearly 
to  its  assymptote  that  the  difference  cannot  be  detected  by 
experiments. 
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rated  by  inquiries  into  those  properties  of  gaseous  fluids 
which  have  hitherto  excited  but  little  attention,  and  especially  into 
the  properties  >>t'  Dry  Steam,  or  Isolated  Steam. 

The  present  Paper  will  be  confined  to  showing  the  effect  of  the 
above  experiments  upon  the  rate  of  Expansion  of  Steam  within  the 
Steam  Cylinder  of  an  Engine.  it  was  demonstrated  by  the  first- 
named  experiments,  that  Expanded  Steam  is  Super-heated  Steam; 
and,  by  the  second,  it  is  shown  what  is  the  expansion  of  bulk  due 
in  an  increase  of  temperature. 

Supposing  the  results  of  the  experiments  to  be  correct,  the 
t'xpansion  curve  as  laid  down  by  Pambour,  and  which  is  based  upon 
Watt's  law,  requires  a  modification  due  to  the  excess  of  temperature 
in  Expanded  Steam  ;  and  it  will  be  observed  that  this  correction  in 
the  curve  of  expansion  is  in  favour  of  working  engines  expan- 
sively, as  a  greater  average  pressure  is  obtained  during  expansion 
than  -would  be  the  case  if  the  expanded  steam  were  not  thus 
super-heated.       Its    correctness    is     corroborated    by    some   actual 

:  \ -at ions  by  Mr.  Edward  A.  Cowper  in  taking  diagrams  of 
expansive  engines,  previous  to  his  acquaintance  with  the  above 
experiments.  It  moreover  appears  that  in  Cornwall,  Engineers 
have  been  practically  acquainted  with  the  fact,  that  Expanded  Steam 
is  Super-heated  Steam,  and  more  economic  in  its  use  than  Saturated 
Steam ;  for  it  is  a  practice  with  them  to  generate  the  Steam  at  very 
high  pressure,  and  to  expand  it  down  to  the  required  pressure  pre- 
vious to  its  reaching  the  Steam  Cylinder. 

Another  remarkable  practical  observation  is,  that  a  jet  of  high- 
pressure  Steam  does  not  scald  the  naked  hand,  while  a  jet  of  low- 
pressure  Steam  does,  although  the  high-pressure  Steam  is  the  hotter 
substance.  The  cooling  effect  of  a  jet  of  high-pressure  Steam  is  so 
powerful,  that,  as  the  Author  has  been  informed,  ice  has  been 
actually  produced  in  the  heat  of  summer  in  America,  by  blowing  a 
powerful  jet  of  Steam  of  400  lbs.  pressure  per  square  inch  against  a 
damp  cloth.  This  phenomenon  may  be  explained  by  the  perfectly 
dry  and  under-saturated  state  of  Expanded  Steam,  which,  with  a 
strong  tendency  to  re-saturate  itself,  produces  a  powerful  evapora- 
tion on  moist  surfaces  with  which  it  comes  in  contact. 

The  rapid  rate  of  Expansion  of  Steam  by  heat,  when  still  near 
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its  boiling  point,  proves  the  economy  of  heating  the  Steam  Cylinder 
either  by  a  Steam  jacket,  or  by  the  application  of  fire.  It  is,  how- 
ever, important  to  observe,  that  the  specific  heat  of  Steam  seems  to 
diminish,  the  more  the  temperature  exceeds  the  boiling  point.  The 
annexed  table  of  observations  gives  the  data  from  which  the  curve 
A  in  Fifir.  3  has  been  drawn. 


Mr.  Siemens  explained  the  action  of  the  two  instruments, 
and  showed  their  process  in  operation. 

Mr.  Crampton  enquired  whether  the  charcoal  in  the  casing 
of  the  instrument  would  not  get  heated  by  the  tube  of  high- 
pressure  steam  passing  through  it  during  the  experiment,  and 
so  super-heat  the  steam  in  the  internal  cylinder  ? 

Mr.  Siemens  explained,  that  it  was  not  possible  for  such  an 
effect  to  take  place,  as  the  end  of  the  steam-pipe  was  exceedingly 
small,  and  was  protected  by  a  thick  non-conducting  casing.  He 
had  also  observed  several  times  during  the  experiments,  that 
whenever  any  priming  took  place  in  the  boiler,  and  a  drop  of 
water  came  out  with  the  steam,  and  fell  on  the  bulb  of  the  inter- 
nal thermometer,  the  mercury  fell  immediately  to  212°,  or  the 
boiling  point  of  water,  and  remained  steadily  there  for  four  or 
five  minutes,  until  the  whole  of  the  priming  water  was  converted 
into  steam,  when  the  mercury  again  gradually  rose  to  its  former 
temperature.  This  showed  that  the  increased  temperature  above 
212°  in  the  internal  cylinder  was  entirely  due  to  the  extra  heat  in 
the  expanded  high-pressure  steam,  and  not  to  any  heat  derived 
from  the  charcoal  casing. 

Mr.  Crampton  remarked,  that  from  the  larger  proportion 
of  the  steam-tube  shown  in  the  sketch,  it  had  appeared  to  him  that 
heat  would  be  communicated  to  the  casing ;  but  from  the  ex- 
planation given,  and  the  manner  in  which  Mr.  Siemens  conducted 
his  experiments,  he  had  no  doubt  of  the  good  results  obtained. 

Mr.  E.  A.  Cowper  observed,  that  the  only  source  of  heat  to 
raise  the  temperature  of  the  charcoal  casing,  was  the  super-heat 
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In  the  first  of  these,  the  pressure  is  ascertained  by  measming 
the  height  of  the  column  of  mercury  which  it  is  capable  of  sustain- 
ing, as  in  the  common  Barometer  and  the  ordinary  Mercurial 
Pressure-gauge. 

In  the  second  class,  the  pressure  of  the  ah-  or  other  fluid  is 
ascertained  by  the  amount  of  compression  which  it  is  capable  of 
pro. lacing  in  a  portion  of  air  confined  in  a  bent  tube  or  syphon,  by 
a  portion  of  mercury  or  other  liquid.  The  Sympiesometer  and  the 
Short  Mercurial  Steam  Gauge  are  constructed  on  this  principle. 

The  third  class  consists  of  a  cylinder  and  piston,  the  piston 
being  attached  to  a  spring ;  "Watt's  Indicator  is  constructed  on  this 
principle,  and  it  has  also  been  proposed  to  employ  it  as  a  Barometer, 
by  exhausting  the  air  from  the  interior. 

The  difficulty  of  obtaining  an  air-tight  piston,  sufficiently  free 
from  friction,  appears  to  have  led  M.  Conte,  at  the  latter  end  of 
the  last  century,  to  propose  the  application  of  a  shallow  air-tight 
box,  covered  with  a  thin  metallic  diaphragm,  and  exhausted  of  air. 
The  diaphragm  was  supported  by  springs  contained  within  the  box, 
so  that  it  rose  and  fell  with  the  variations  in  the  pressure  of  the 
atmosphere.  The  instrument  known  as  the  Aneroid  Barometer  is 
constructed  in  a  similar  manner,  and  the  small  motion  of  the 
diaphragm  is  greatly  multiplied  by  means  of  levers.  A  similar 
instrument  was  constructed  by  M.  Bourdon,  as  long  since  as  the 
year  1843,  for  the  purpose  of  a  steam  gauge.  After  many  experi- 
ments, however,  he  laid  it  aside,  as  he  found  that  the  metal  cracked 
after  a  continued  use,  and  rendered  the  instrument  useless. 

The  invention  of  the  Instruments  which  are  the  subject  of  the 
present  Paper,  was  the  result  of  a  careful  observation  of  an  acci- 
dental circumstance.  M.  Bourdon  had  occasion  to  restore  the 
form  of  a  worm-pipe  of  a  still,  which  had  been  accidentally 
flattened.  To  effect  this,  he  closed  one  end  and  forced  water  in  it 
at  the  other  end.  The  flattened  tube  expanded  to  its  proper  form, 
but  at  the  same  time  M.  Bourdon  observed  that  the  tube  uncoiled 
itself  to  a  certain  extent,  and  it  occurred  to  him  to  apply  this  fact 
to  the  construction  of  a  Pressu  re-gauge.  He  did  so,  and  with  perfect 
success. 
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in  the  thickness  of  the  tube,  which  allows  the  two  sides  to  assume 
a  greater  degree  of  convexity  in  the  transverse  direction,  in  propor- 
tion to  the  diminution  of  their  curvature  in  the  longitudinal 
direction. 

The  converse  of  this  proposition  equally  holds  good,  that  is  to  say, 
it  pressure  is  applied  to  the  interior  of  a  curved  tube  B  of  a  flattened 
section  similar  to  that  shown  in  Fig.  8,  the  effect  is  to  separate 
the  two  sides  of  the  tube  in  the  direction  of  the  line  AC,  and  thus 
to  increase  their  convexity  in  the  transverse  direction,  as  shown  at 
D.  The  consecpience  is  the  diminution  of  their  curvature  in 
the  longitudinal  direction,  as  shown  at  E. 

From  these  considerations  it  follows  that  a  curved  tube  of  cylin- 
drical or  circular  section  will  not  experience  any  change  of  curvature, 
when  submitted  to  internal  pressure,  as  the  circle  is  the  sectional 
form  which  all  tubes  tend  to  assume  when  exposed  to  internal 
pressure.'  As  the  sectional  form  therefore  cannot  alter,  the  longi- 
tudinal curvature  ought  also  to  remain  unchanged.  This  theoretical 
observation  is  confirmed  by  actual  experiment,  the  curved  tube  of 
circular  section  remaining  unaltered  in  form  when  submitted  to 
internal  pressure.  The  result  is  the  same  with  external  pressure, 
provided  of  course  that  the  pressure  is  insufficient  to  totally  collapse 
and  destroy  the  tube. 

The  mutual  dependance  of  the  two  curvatures  on  one  another  is 
also  proved  in  the  following  manner.  When  the  flattened  tube  is 
embraced  by  a  series  of  separate  small  clamps,  of  the  form  shown 
in  Fig.  9,  so  as  to  prevent  its  sectional  form  from  altering  on  the 
application  of  internal  pressure,  the  consequence  is  that  its  longi- 
tudinal curvature  also  remains  unchanged. 

On  the  other  hand,  when  the  two  ends  of  the  tube  are  joined  so 
as  to  complete  the  circle,  and  the  pressure  is  then  applied,  the 
consequence  Is  that  the  tube,  being  unable  to  alter  its  longitudinal 
curvature,  remains  also  unaltered  in  thickness. 

The  variation  in  the  thickness  of  a  curved  flattened  tube  with 
variations  of  curvature  is  proved  by  actual  measurement. 

This  variation  is  proportional  to  the  change  in  its  curvatuz-e, 
and   vice   versa.      Thus,    in   Fig.  - 10,    ABCD   represents   a   curved 
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a  link  to  a  lever  and  index.  These  instruments  serve  equally  well 
bus  pressure-gauges  and  as  vacuum-gauges.     The  dimensions  of  the 

tube  and  scale  arc  varied  according  to  t ho  pressure  to  which  they 
are  to  be  exposed,  and  the  degree  of  delicacy  required  in  the  indi- 
cations. 

Tliis  instrument  answers  perfectly  for  fixed  engines,  but  if  its 
position  is  varied  by  laving  it  on  its  side,  the  weight  of  the  tube 
causes  it  to  soring  a  little,  and  thus  to  interfere  with  the  accuracy  of 
its  indications.  Therefore,  in  cases  in  which  the  position  of  the 
instrument  is  exposed  to  variation,  as  in  seagoing  vessels,  it  is  pre- 
ferable to  employ  a  circular  tube  lived  in  the  centre  to  the  stop-cock, 
and  having  its  ends  connected  by  links  to  the  two  ends  of  a  lever, 
turning  upon  a  centre,  and  carrying  the  index.  The  two  branches  of 
the  tube  are  thus  made  to  balance  each  other,  and  the  index  being 
also  balanced,  the  instrument  may  be  placed  in  any  position  without 
its  indications  being  thereby  affected. 

"When  a  great  range  of  motion  is  required,  the  lever  is  not  placed 
on  the  axis  of  the  index,  but  carries  a  toothed  segment  which  drives 
a  pinion  on  the  spindle  of  the  index. 

Figs.  18  and  19  show  a  Pressure-gauge  constructed  in  this 
manner.  The  bent  tube  AA  is  fixed  in  the  centre,  and  the  two 
branches  of  the  tube  are  made  to  balance  each  other.  The  lever  B 
to  which  they  are  connected  gives  motion  to  a  toothed  sector  C, 
which  is  also  balanced,  and  which  diives  a  pinion  on  the  axis  of  the 
index  D,  which  is  balanced. 

This  arrangement  is  well  adapted  for  Barometers,  in  which  case 
the  air  is  exhausted  from  the  flattened  tube,  which  is  then  soldered 
up.  The  pressure  of  the  atmosphere  acts  on  the  exterior,  and  is 
balanced  by  the  elasticity  of  the  tube,  which  varies  in  curvature 
with  every  variation  in  the  pressure  of  the  atmosphere.  In  order 
to  prevent  any  slackness  in  the  different  joints  from  affecting  the 
accuracy  of  the  indication,  a  small  hair-spring  may  be  attached  to 
the  axis  of  the  index,  which  will  keep  a  slight  tension  upon  all  the 
joints,  and  keep  the  teeth  of  the  pinion  always  in  gear  with  the 
same  side  of  the  teeth  of  the  sector.  The  Barometers  are  con- 
structed with  broader  and  thinner  tubes  than  the  steam  pressure- 
gauges,  as  the  variations  of  pressure  to  which  they  are  subjected 
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enunciated,  namely,  that  a  surface  which  is  curved  in  two  directions 
cannot  have  its  curvature  increased  in  one  direction  without 
diminishing  its  curvature  in  the  other  direction.  In  fact,  if  any 
portion  of  the  surface  of  the  twisted  tube  be  examined,  it  will  be 
found  to  be  curved  in  two  directions,  but  in  place  of  the  two  curva- 
tures being  at  right  angles  to  one  another,  they  foi-rn  an  angle  more 
or  less  acute.  The  motion  of  the  twisted  tube  is  indicated  by  a 
hand  rixed  to  its  extremity,  or  the  motion  is  increased  by  means  of 
gearing  or  levers. 

A  Thermometer  made  by  filling  one  of  these  twisted  tubes  with 
alcohol  or  other  liquid,  and  provided  with  a  float,  as  shown  in  Figs.  20 
and  21,  is  convenient  for  enabling  brewers  and  others  to  ascertain 
the  temperature  of  large  quantities  of  liquid.  The  thermometer  is 
allowed  to  float  in  the  liquid,  and  the  temperature  is  read  off  on  the 
dial,  without  the  necessity  of  lifting  the  instrument  out  of  the  liquid. 

All  the  applications  of  which  these  instruments  ai*e  susceptible 
need  not  be  mentioned ;  a  few,  however,  may  be  alluded  to,  as  illus- 
trating the  others. 

By  applying  a  tube  of  suitable  dimensions,  in  connection  with  a 
steam  boiler,  it  may  be  made  to  open  and  shut  the  damper,  and 
thus  regulate  the  pressure  in  the  boiler.  A  similar  arrangement 
with  a  Thermometer  serves  to  regulate  an  Arnott's  stove  or  a 
furnace. 

A  steam-engine  Indicator  is  made  by  removing  the  cylinder 
piston  and  spring  of  an  ordinary  Indicator,  and  substituting  a  bent 
or  twisted  tube.  Fig.  22  is_a  front  view,  pai-tly  in  section,  and 
Fig.  23  is  a  side  view  of  such  an  Indicator.  The  bent  tube  A  is 
placed  at  the  lower  part,  and  connected  by  a  short  link  to  a  long 
lever,  which  carries  the  pencil  B  at  its  upper  end.  The  paper  oi 
card  is  fixed  on  a  brass  plate  C,  which  slides  up  and  down  on  a 
fixed  guide,  and  is  moved  by  a  pinion  working  into  a  rack  on  the 
back  of  the  plate.  This  pinion  carries  a  pulley  D  upon  its  axis, 
which  is  driven  by  a  string  from  the  beam  or  parallel  motion  of  the 
engine.  This  pulley  can  be  removed,  and  replaced  by  others  of 
different  diameters;  this  gives  great  facility  in  the  application  of 
the    Indicator    to    different     engines,    especially    to    direct  -  acting 
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In  nil  oases  iii  which  accuracy  of  indications  is  required  in  the 
pressure-gauges,  it  is  advisable  to  prevent  the  strain  from  entering 
tin-  bent  tube,  whose  elasticity  would  be  reduced  as  long  as  ii  re- 
mained in  a  heated  state.  This  is  readily  effected  by  causing  the 
pipe  which  connects  the  gauge  to  the  boiler  or  engine  to  descend  to 
tin-  gauge,  as  shown  at  E  in  Fig.  16  :  it  will  then  always  remain 
full  of  condensed  water,  and  the  gauge  tube  will  be  kept  cool. 


Mr.  C.  CowrER  exhibited  specimens  of  the  different  instru- 
ments and  models,  illustrating  the  principle  of  action.  He  said 
the  steam  gauges  had  come  into  extensive  use  in  France,  and  he 
understood  they  were  found  very  satisfactory  and  trustworthy ; 
the)  wire  employed  by  the  Government  inspectors  to  test  the 
pressure  of  steam  boilers  throughout  that  country. 

Mr.  Buckle  observed  that  they  appeared  most  useful  gauges 
lor  general  application,  and  well  suited  to  many  different  pur- 
poses in  practice. 

Mr.  Peacock  said  he  had  made  trial  of  a  pair  of  these  steam 
gauges  for  the  last  eight  months,  on  the  boilers  of  a  steam  boat, 
working  at  25  lbs.  pressure,  and  he  had  found  them  quite  satis- 
factory ;  they  had  not  gone  Avrong  at  all  during  the  time,  nor  had 
tin.-  index  taken  any  permanent  set. 

Mr.  C.  Cowper  remarked  that  the  application  of  the  princi- 
ple to  a  steam  engine  had  not  been  carried  out  on  a  large  scale ; 
an  engine  of  about  half  a  horse  power  had  been  made  to  show 
the  application,  and  had  been  sent  to  the  Exhibition.  The 
different  instruments  could  be  inspected  afterwards  and  obtained 
at  Mr.  Dewrance's  office  in  London. 

A  vote  of  thanks  was  passed  to  Mr.  Cowper  for  his  commu- 
nication, and  the  meeting  then  terminated. 

[Mr.  McConnell  having  been  obliged  to  leave  before  the 
termination  of  the  meeting,  the  Chair  was  then  taken  by 
Mr.  Buckle.] 
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But  the  />ruc(ica!  limit  of  the   useful  effect  is  reduced  to  75  per  cent. 

of   the   above    50   per  cent.,  or  only  87^    per  cent,   of  the  power 

employed,   in  consequence   of   the  unavoidable  losses  arising  from 

friction  and  practical  imperfections. 

The  following  supplementary  calculations,  illustrating  the  theory 

advanced  in  the  paper,  were  supplied  by  Mr.  Stein  respecting  the 

results  to  be  obtained  from  the  experiment  with  Gwynne's  centrifugal 

pump,  that  was  described  by  Mr.  Edwards  at  the  former  meeting. 

In  that  experiment,  recently  made  by  Mr.  Edwards  with  a  centrifugal 

pump  containing  some  further  improvements  of  his  own  invention, 

it  was  stated  that  650  gallons  of  water  per  minute  were  raised  to  a 

height  of  17|  feet,  by  a  revolving  disc  13  inches  diameter  and  driven 

at   S00   revolutions   per  minute :    and    the    driving    power    was    a 

high   pressure   steam    engine   with   8   inch    cylinder    and    18   inch 

stroke,  working  100  double  strokes  per  minute,   with   an  effective 

pressure  on  the  piston  of  about  43  lbs.  per  inch.     The  piston  being 

5<  I  j    inches  area  (8  ins.  diameter),   and  moving  at   the  velocity  of 

300  feet  per  minute  (200  strokes  at  li  ft.),  the  power  expended  on 

the  piston  of  the  engine  was 

.104-  sq.  ins.  x  43  lbs.  x  300  ft.       ,_  „  . 

33,000  -=19«6  horse  power. 

The  useful  effect  obtained  was 

650  i:als.  x  10  lbs.  x  174  ft.      „  ,  , 

3^000—  -  -  3'4  h0rse  P°Wer' 

Therefore  the  useful  effect  was  18  per  cent,  of  the  j>oiver  expended. 

According  to  the  theory  of  the  centrifugal  pump  in  the  paper, 
"  the  power  expended  on  the  pump  is  measured  by  the  quantity  of 
water  delivered,  raised  to  twice  the  height  due  to  the  velocity  of  the 
circumference  of  the  arms  ;  whilst  the  useful  effect  produced  is  the 
water  delivered,  raised  to  the  height  of  discharge."  In  the  above 
case  the  velocity  of  the  circumference  of  the  arms  was  2722  feet  per 
minute,  and  the  height  due  to  that  velocity  (or  the  height  of  fall 
required  to  obtain  that  velocity  by  the  action  of  gravity)  is  32*3  feet, 
and  twice  the  height  is  64>6  feet,  whilst  the  height  of  discharge  was 
1  7-"»  feet.  Consequently  the  theoretical  proportion  of  the  useful  effect 
to  the  power  expended  on  the  pump  would  be  17'5  to  64*6  ;  and  the 
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Exhibition,  and  the  power  employed  in  each  experiment  was 
measured  with  great  accuracy  by  means  of  Morin's  dynamometer. 
The  driving  strap  from  the  steam  engine  was  passed  over  the  first 
pulley  of  the  dynamometer,  and  the  pump  was  driven  from  a  second 
pulley,  running  loose  on  the  same  shaft,  and  connected  to  the  lirsl 
by  means  of  a  spring,  through  which  all  the  power  was  consequently 
transmitted  :  and  the  amount  of  the  driving  power  was  indicated 
by  the  extent  to  which  the  spring  was  compressed,  which  was 
shown  by  a  continuous  pencil-mark  upon  a  paper  cylinder  connected 
to  the  instrument,  whereby  the.  actual  tension  of  the  driving  strap 
at  all  periods  of  the  experiment  was  accurately  ascertained.  The 
following  results  were  obtained  by  this  means,  and  were  published 
in  the  report  of  the  Jury  : — 

Experiments  on  Appold's  Centrifugal  Pump,  with  Curved  Arms. 


■  age  of 
iffeot  to  Power 

llri.ht  of  Lift. 

Discharge 
per  minute. 

Revs,  of  Pump 
per  minute. 

Velocity  of 
Circumference. 

59 

Feet. 
8-2 

Gallons. 
2100 

828 

Feet  per  inin.. 
2601 

65 

9-0 

1664 

620 

I'.IJS 

65 

18-8 

1164 

792 

2488 

<;x 

I'M 

1236 

788 

2476 

16 

27-6 

681 

87(5 

2751 

With  St 

'aight  Inclined  Arms. 

13 

736 

690 

2168 

With  St 

might  Radial  Arms. 

24 

18-0 

171                     720 

2262 

In  the  experiments  with  straight  arms  the  revolving  fan  was  removed, 
and  others  were  fixed  in  its  place,  exactly  similar  in  other  respects, 
but  having  straight  arms,  inclined  at  45°  as  shown  in  Fig.  5,  Plate 
69,  or  radial  as  in  Fig.  6,  instead  of  the  curved  arms  shown  in 
Fig.  4. 

Mr.  Ai'POi.D  said  he  had  made  a  series  of  experiments  previously 
with  a  similar  centrifugal  pump,  1  foot  diameter,  with  curved 
arms ;  and  had  constructed  a  dynamometer  to  measure  the  amount 
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pump  1  inch  diameter  must  make  12  times  the  number  of  revolutions 

per  minute  of  one  1-S  inches  diameter,  and  both  pumps  would  then 

raise   the   water   to  the    same  height;  but   the    quantity  of  water 

delivered  would  he  14-1  times  greater  in  the  L 2-inch  pump,  being  in 

proportion  to  the  area  of  the  discharging  orifices  at  the  circumference, 

or  the  Bquare  of  the  diameter,  when  the  proportion  of  breadth  was 

kept  the  same,  namely  l-4th  of  the  diameter  in  each  case. 

Mr.  A.PPOLD   showed  a  small  pump,  of  the  same  proportions  but 

only  1   inch   diameter   (the  same  actual  size   as   the   engraving  in 

Plate  68),  with  which  similar  experiments  had  been  tried  as  with  the 

1-foot  pump,  and  proportionate  results  were  obtained. 

This  pomp  1  inch  diam.  discharged         10  gals,  per  min. 

And  a  pump       1  foot      „  „  1440     ,.       „       ,, 

Consequently.  10  feet      „  „  114000     „       „       „ 

the  height  that  the  water  was  lifted  being  the  same  in  each  case, 

if  the  velocity  of  the  circumference  was  the  same. 

A   velocity  of  500  feet  per  minute  of  the  circumference  raised 

the    water    1   foot    high,    and  maintained   it  at  that   level   without 

discharging  any ;    and   a   double   velocity  raised  the  water  to  four 

times  the  height,  as  the  centrifugal  force  was  proportionate  to  the 

square  of  the  velocity  ;  consequently 

500  feet  per  min.  raised  the  water    1  foot  without  discharge. 
1000  ,,  „  „  4     „ 

2000  „  „  „  16     „ 

4000  „  „  „  64     „ 

The   greatest  height  to  which  the  water  had  been   raised   without 

discharge,  in  the  experiments  with  the  1-foot  pump,  was  67*7  feet, 

with  a  velocity  of  4153  feet  per  minute,  being  rather  less  than  the 

calculated    height,    owing   probably    to    leakage    with    the    greater 

pressure. 

A    velocity  of   1128  feet  per  minute  raised  the   water  5|  feet 

without   any  discharge  ;  and  the    maximum   effect  from  the  power 

employed  in  raising  to  the  same  height,  5|  feet,  was  obtained  at  the 

velocity  of  1678  feet  per  minute,  giving  a  discharge  of  1400  gallons 

per  minute  from  the  1  foot  pump.     The  additional  velocity  required 

to   effect  the  discharge  was  550  feet  per  minute ;  or  the   velocity 

required  to  effect  a  discharge  of  1400  gallons  per  minute  through  a 
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centrifugal  pump  possessed  another  important  advantage  for  such 
applications,  from  having  110  valves  in  action  when  at  work,  which 
enabled  it  to  pass  large  stones,  and  almost  anything  that  was  not 
too  large  to  enter  between  the  arms. 

The  largest  pump  constructed  at  present  on  this  plan  was 
erected  at  Whittlesea  Mere  for  the  purpose  of  draining,  and  had 
worked  there  nearly  a  year  with  complete  success.  The  pump  was 
I  j  feet  diameter,  with  an  average  velocity  of  90  revolutions  or  1270 
feet  per  minute,  and  was  driven  by  a  double-cylinder  steam  engine, 
with  steam  40  lbs.  per  inch  and  vacuum  13|  lbs.  per  inch;  it  raised 
about  15,000  gallons  of  water  per  minute  through  an  average  height 
of  4  or  5  feet.  The  cost  of  the  engine  and  pump  was  about  <£1600. 
The  following  experiments  were  tried  to  ascertain  the  percentage  of 
effect  obtained  from  the  pump  ;  the  power  employed  being  measured 
by  taking  indicator  figures  from  the  engine,  deducting  in  each  case 


Experiments  on  AppoliVs  Pump  at  Whittlesea  Mere. 


No.  of  Experiment     

1 

2 

3 

1 

Velocity  of  Circumference  of  Pump. 
in  feet  per  minute 

Feet. 
1159 

Feet. 
1357 

Ft.    Ins. 

1        1 
1         5-i 

1       8£ 

Fret . 

L301 

Feet. 
1329 

Height  of  lift  of  the  water,  in  feet 
and  inches        

Depth  of  water  at  point  of  overflow  A 
Ditto          at  1 7  feet  distance    B 

Ft.    Ins. 

3      0 

1        i 
]       7 

Gals. 

12429 
16104 

17400 

Ft.     Ins. 
(1 

1      3| 
1       6| 

Ft.    Ins. 

5      11 
1        2 
1        5 

Gals. 

'.1515 

13606 
12803 

HP. 

1717 
24-49 

39-80 

Gallons    discharged   per   minute, 

according  to  the  depth A 

Ditto           ditto B 

Theoretical  discharge 

Gals. 

14223 
18023 
21587 

HP. 

16-88 
22-38 
40-90 

Gals. 

1 1 706 
15288 
L5768 

HP. 

17-79 
23-24 
29  90 

Horse  power  effective  in  raising 

the  quantity    A 

Ditto           ditto B 

Horse  power  employed  to  work  pump 

HP. 

11-34 

14-70 
23-00 

(feci     to    power 
employed,  by  calculation      ...      A 
Ditto            ditto B 

Per  cent. 

49 
64 

Per  cent. 

41 

55 

Per  cent. 
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centrifugal  pump  was  very,  convenient  and  economical  for  this 
purpose,  and  the  result  was  found  so  satisfactory  that  a  second 
pump  was  going  bo  be  erected  for  a  similar  purpose. 

The  Chairman  enquired  whether  Mr.  Appold  considered  the 
spiral  form  of  the  arms  an  essential  point  in  his  pump,  instead  of 
the  radial  arms  in  the  other  centrifugal  pumps. 

Mr.  Ajppold  replied  that  the  oblique  position  of  the  arms  was 
most  important,  and  the  large  amount  of  duty  obtained  from  his 
pump  was  entirely  owing  to  this  ;  he  had  at  first  tried  straight 
arms  inclined  at  45°,  but  he  found  that  the  curved  arms  ending 
nearly  in  a  line  with  a  tangent  to  the  outer  circumference  gave  the 
greatest  effect.  The  superior  action  of  oblique  arms  to  radial 
anus  might  be  illustrated  by  supposing  a  vertical  arm  AB  (see 
Fig.  3,  Plate  68)  to  move  in  a  straight  line  to  CD,  instead  of  moving 
round  in  a  circle  in  the  pump ;  and  the  body  A,  representing  a 
particle  of  water,  would  then  be  simply  moved  along  to  C  with  the 
arm,  without  having  any  tendency  to  be  propelled  outwards  along 
the  arm  to  B.  But  if  an  oblique  arm  AE  were  employed,  moving  in  the 
same  direction  as  before  to  the  position  CB,  it  propelled  the  particle 
A  outwards  towards  B,  having  an  inclined-plane  action  to  push  the 
particles  of  water  outwards  from  the  centre  towards  the  circumfer- 
ence. When  this  was  applied  to  a  circular  motion,  and  the  direction 
AC  bent  into  a  circle,  the  inclined  arm  AE  became  curved  in  a 
spiral  direction  like  the  arms  in  the  pump.  The  comparative  value 
of  the  different  forms  of  arms  was  proved  by  the  experiments  at 
the  Exhibition  mentioned  before ;  the  curved  arms  gave  a  duty  of 
68  per  cent.,  the  inclined  arms  43  per  cent.,  and  the  radial  arms  only 
24  per  cent. ;  and  he  understood  that  the  two  other  centrifugal  pumps 
of  Mr.  G-wynne  and  Mr.  Bessemer,  which  were  also  experimented 
upon  at  the  Exhibition,  did  not  give  a  higher  duty  than  24  per 
cent.,  as  they  both  had  straight  radial  arms.  The  experiments 
would  all  be  published  in  the  report  of  the  Jury.  The  facts  quite 
bore  out  therefore  the  conclusions  arrived  at  by  the  investigation 
in  the  paper  that  had  been  read,  as  to  the  effects  to  be  obtained 
from  centrifugal  action  with  radial  arms. 
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,  is  a  -till  greater  matter  of  doubt  ;  and  notwith- 
Btmniiing  the  great  labour  ami  expense  that  have  Ixvn  bestowed  on 
the  subject  by  manj  engineers  o\'  eminence,  to  whom  we  are 
indebted  for  bringing  the  Bnbject   to  its  present  state  of  practical 

utility,   yet    there  appear   mi    fixed    and   certain    rules   arrived  at   for 

constructing  the  Bcrews  and  determining  the  speed  at  which  they 

shall  be  driven  to  produce  a  t^i\ .-n  result.  On  reference  to  Mr. 
.Murray's  valuable  work  on  steam  vessels  and  the  screw,  it  will  be 
found,  on  comparing  the  various  vessels  in    her    Majesty's   navy,   that 

the  must  singular  circumstances  occur  in  the  comparative  propor- 
tions of  screws,  as  well  as  the  speeds  expected  from  the  engines 
compared  with  the  actual  revolutions  obtained  on  trial. 

In  the  year  1849  Mr.  (Jrilliths  explained  to  the  writer  his  then 
crude  notions  for  removing  the  detects  of  the  ordinary  screw.  The 
idea  was  bo  original,  and  appeared  to  him  so  correct,  that  he  at 
once  instituted  a  series  of  experiments,  which  proved  to  him  the 
groat  importance  of  the  invention,  and  induced  him  to  make  further 
riments;  these  he  believes  will  have  removed  the  uncertainty 
and  objections  that  surround  the  ordinary  screw,  thus  rendering  it- 
future  application  and  result-  as  certain  as  the  paddle-wheel. 

The  construction  of  the  New   Propeller  is   shown   in  Plate  71. 
!  5    is    an    end    view     in    a    line    with    the    shaft  ;     Figs    6    is    a 

Longitudinal  section,  and   Fig.   7  a  plan.      Each   of   the   propeller 

blades  A  A  A  is  separate,  and  ends  in  a  strong  spindle  B,  which 
turns  in  a  socket  in  the  centre  buss  fixed  on  the  propeller  shaft  C. 
A  cross  arm  1>  is  fixed  in  the  spindle  B,  to  turn  round  the  Made 
and  hold  it  in  any  required  position,  this  arm  working  in  a  slot  in 
the  sockei  :  and  the  end  of  the  arm  i>  connected  by  a  pin  to  the 
block  E,  which  slides  in  an  oblique  groove  (shown  in  the  plan, 
Fig.  7).  This  groove  is  formed  in  a  ring  F,  which  Blides  upon  a 
feather,  bo  as  to  revolve  with  the  main  shaft,  and  is  moved  by  the 
bell-crank  lever  <J.  which  is  centred  in  the  milder  post  of  the 
-  1.  an<l  La  worked  by  a  sere*  and  handle  upon  deck,  on  the  ton 
of  the  rod  n.  By  this  means  the  pitch  of  the  propeller  blades  is 
;.   alt.  red  to  any  required  degree,  and  maintained  in  the  same 
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ami  2,  Plate  7".     It  will  be  seen  that  the  power  required  to  revolve 

this  ball  in  the  water  at  a  greal  velocity  is  insignificanl  eompared 
with  driving  two  or  three  comparatively  Hat  blades  of  the  same 
diameter,  which  may  be  Eairly  compared  to  the  centre  of  a 
rifuga]  pump.  That  there  can  be  no  tendency  \<>  vibrate  the 
of  the  vessel  is  obvious,  nor  dors  the  trim  of  the  vessel  alter 
in  the  Last  degree  when  under  the  action  of  the  new  propeller. 
Moreover  from  the  water  not  being  violently  agitated  by  the 
centrifugal  action,  the  effective  parts  of  the  propeller  blades  are 
Bcrewing  in  stiller  and  more  solid  water,  producing  a  better  result 
and  with  a  considerably  less  amount  of  slip.  The  water  leaves  the 
propeller  in  a  direct  line  with  the  vessel,  and  without  the  commotion 
resulting  from  the  ordinary  screw.  The  strength  of  the  screw  is 
much  increased  by  this  form,  which  also  affords  great  facility  for 
replacing  the  blades  in  case  of  accident,  to  which  screw  vessels 
in  channel  and  river  navigation  are  peculiarly  liable. 

The  second  Important  feature  is  the  form  <>/  ih,   blades,  which 
instead  of  being  larger  at  the  extremities  are  precisely  the  reverse. 

The  best  form  the  writer  has  I'ouud  to  be  as  shown  in  the  drawing, 
Fig.  5,  Plate  71.  The  breadth  of  the  blades  is  the  full  diameter  of 
the  sphere  at  the  rout,  tapering  to  two-thirds  of  this  size  at  the 
periphery,  at  which  pari  they  are  only  about  one  third  of  the  size 
of  the  ordinary  screw  blade:  and  with  these  proportions,  so 
complete  is  the  hold  this  propeller  has  upon  the  water,  that  it  has 
been  requisite  in  practice  even  to  reduce  the  diameter  considerably 
below  that    of  the  ordinary  screw. 

The   water    which    follows    the   wake    of    the   ship,  and    what    the 

Bailors  call  the  "dead  water,"  may  be  compared  to  the  eddies  In-low 

the  piers  of  a  bridge  through   which  a   rapid    tide    runs,    where  the 

■  is  •■  dead  "  or  in  a  state  of  rest,  the  more  -o  at   the  very  centre 

of  the  pier.     In  a  precisely  similar  condition  is  the  dead  water  of  a 

del-  being  mosl  solid  towards  the  centre,  and  gradually 

becoming  less    so   until    mixed    in   the   current    running  beyond  the 

width  of  the  ship.      It  must  be  obvious  that   the  nearer  the  work 

be  applied  to  the  screw  -haft,  the  better  mechanical  result  will 
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ami  Avon  Canal,  under  the  direction  of  Captain  Morrice,  K.N..  the 
manager;  and  the  reeulte  Bhowed  thai  with  one  barge  laden  with 
60  tons.  Bhe  went  from  Hath  to  Bristol,  deducting  stoppages  in 
going  through  locks,  in  2|  hours,  the  distance  being  18  miles.  As 
other  barges  were  added,  the  Bpeed  was  reduced,  and  the  engines 
were  pulled  up  in  exact  proportion  to  the  reduction  of  speed.     The 

revolutions  of  the  propeller  without  any  barge  in  tow  were  'Jli» 
per  minute  ;  with  a  lio  tons  loaded  barge  1 1 1  •  •  %  were  reduced  to  180; 
ami  with  two  barges  to  L60  revolutions  per  minute. 

The  question  of  the  pitch  of  th*  screw  appears  hitherto  to  have 

baffled  all  those  who  have  experimented  upon  it;  the  ordinary 
theory  being  that  an  increase  of  the  pitrh  should  either  pull  up  the 
engines,  or  increase  the  speed  of  the  vessel  in  proportion  to  the 
increase  of  pitch.  But  all  the  practice  hitherto  has  proved  this 
not  to  Ik-  the  easr:  and  consequently  the  screws  have  been  made 
without  any  power  of  altering  the  pitch  to  meet  the  variations  of 

wind-  and  currents,  to  which  all  sea-tfoing  vessels  are  subjeel  :  and 
they  have  thus  been  deprived  of  what  would  appear  to  be  the  mosl 
valuable  feature  of  the  screw,  namely  its  power  of  adapting  its 
pitch  to  meet  every  contingency.  It  has  been  found  by  the 
experiments  thai  with  the  new  propeller  the  engineer  can  control 
the  -peed  of  the  engines  at  pleasure,  by  increasing  or  diminishing 
the  pitch  of  the  blades;  so  that  in  a  fair  wind  the  Bull  power  of  the 
engines  may  be  exerted  in  effectually  propelling  the  vessel,  instead 
of  consuming  fuel  in  driving  round  the  engines  (with  a  fine-pitched 
screw)  to  no  purpose  ;  and  again,  in  going  head  to  wind,  by 
diminishing  the  pitch  the  engines  can  be  made  to  give  out  their 
utmost  duty,  with  a  certainty  of  effectually  propelling  the  vessel. 
The  large  central  ball  affords  the  opportunity  of  constructing  a  most 
simple  and  effective  arrangement  for  altering  the  pitch  of  the  blades, 
and  feathering  them  parallel  to  the  shaft  when  not  required  for 
propelling.  The  captain  or  engineer  of  the  vessel  can  alter  the  pitch 
at  pleasure  without  even  stopping  the  engines,  the  Bpeed  <>f  which 
■  mpl'tely  under  control  by  means  of  this  apparatus  as  with  a 
throttle-valve. 
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A  model  illustrating  the  principle  of  the  new  propeller  was 
exhibited  by  the  Secretary  (Mr.  Bovill  baying  been  prevented  Erom 
attending  the  meeting).  The  model  Bhowed  an  ordinary  screw 
propeller,  which  was  divided  into  three  portions,  like  the  drawing  in 
Plate  70,bo  that  one-third  of  the  propeller  in  the  centre  could  be 
removed,  and  a  ball  of  the  same  diameter  substituted,  upon  which 
the  two  blades  forming  the  remainder  of  the  propeller  were  then 
fixed,  in  the  same  relative  position  as  iu  the  original  propeller. 

Mr.  Prestos  said  be  hail  witnessed  the  experiments  made  on  the 
"  Weaver,"  that  were  described  iu  the  paper,  and  could  confirm  the 
statement  made  as  to  the  superiority  of  the  new  propeller  in  the 
diminution  of  slip  and  the  increase  of  speed  of  the  vessel.  He  did 
not  perceive  any  superiority  in  the  amount  of  back-water  produced  ; 
in  going  ahead  the  vessel  dipped  astern  with  both  propellers,  and 
he  did  not  perceive  any  difference  ;  but  it  was  a  very  flat  vessel, 
and  the  bows  rose  so  abruptly  that  the  head  was  forced  up  by  the 
action  of  the  water.  The  experiments  were  tried  in  the  Mersey, 
above  Liverpool,  and  the  effect  of  tide  was  deducted  by  trying  the 
experiment  both  ways.  He  doubted  the  practicability  of  the 
apparatus  for  altering  the  pitch  being  kept  in  working  order  at 
sea  for  any  Length  of  time. 

Mr.  Kamsuottom  remarked  that,  if  the  pitch  of  the  blades  in  an 
ordinary  screw  propeller  were  the  same  throughout  down  to  the 
centre  boss,  every  part  of  the  blade  would  have  the  same  advancing 
motion  in  the  water,  and  would  screw  correctly  through  it;  and  he 
could  not  understand  how  the  centre  portion  of  the  blades  could 
have  the  injurious  flapping  and  centrifugal  action  mentioned  in  the 
paper,  when  the  screw  was  advancing  through  the  water,  as  such 
an  action  could  only  take  place  if  the  arms  were  to  revolve  whilst 
the  vessel  was  stationary. 

Bffr.  Appold  observed  thai  the  ball  would  defied  the  water,  and 
throw  a  body  of  water  on  to  the  blades,  giving  them  more  water  to 
act  upon,  and  preventing  the  water  Erom  slipping  away  from  tin- 
pressure  of  the  blades,  through  the  centre  of  the  propeller,  as  in  the 
ordinary  form  with  an  open  centre.  Supposing  the  propeller  were 
working  through  a  tube  of  the  same  diameter  as  the  circumference 
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ON    \   \K\V  niKl'.rr- \CN\<;  STEAM   PUMP 

This  Steam  Pump  is  of  American  invention,  and  has  been  used 
extensively  there  Eor  feeding  the  boilers  of  marine  engines.  It  is 
however  well  adapted  lor  any  purpose,  where  a  moderate  quantity 
of  water  has  to  he  raised,  and  where  a  rotary  motion  is  not  required. 
The  drawing  Plate  72  Bhows  one  that  is  fixed  at  the  Great  Northern 
Railuav  station  at  Bang's  Cross,  London,  and  used  for  supplying 
the  station  with  water. 

Its  chiit'  peculiarity  is  that  the  stroke  of  the  piston  and  of  the 
pump  plunger  is  regulated  without  the  use  of  a  crank,  so  that  the 
m.'ti.m  o\'  the  plunger  is  marly  uniform  for  the  whole  length  of 
the  stroke.  Mr.  Ericsson  (of  Messrs.  Braithwaite's  firm)  made  a 
tire-engine  on  this  principle  some  years  back,  and  Mr.  Penn  formerly 
used  the  same  arrangement  for  donkey  engines  for  steam  boats; 
but  both  uf  these  kinds  of  engine  were  deficient  in  smoothness 
of  working,  a  difficulty  which  has  been  overcome  by  Messrs. 
Worthington  and  Baker  in  the  present  pump  by  very  simple  and 
effectual  means. 

Fig.  1,  Plate  72,  is  a  longitudinal  section,  and  Fig.  2  a  transverse 
section  of  the  pump.  A  is  the  steam  piston,  and  B  the  pump 
plunger,  both  bolted  to  the  same  piston  rod.  The  plunger  is 
double-acting,  and  works  through  metallic  packing  CC.  DD  are 
the  suction  valves,  and  EE  the  delivery  valves,  consisting  each  of 
a  ring  of  india-rubber,  rising  on  a  brass  spindle  with  a  guard  at 
the  top.  and  falling  upon  a  circular  plate  perforated  with  holes,  as 
shown  enlarged  in  Fig.  >i.  Tn  the  plunger  are  bored  a  few  holes 
llll.  which  have  the  effect  of  opening  a  communication  between 
the  two  ends  of  the  pump  barrel  at  each  end  of  the  stroke,  thus 
giving  the  water  a<  it  were  a  partial  elasticity,  allowing  it  to 
niie  it-  forward  motion  by  Bowing  through  the  plunger  during 
the  moment  that  the  plunger  becomes  stationary.  This  enables 
the  plunger  to  commence  it-  return  stroke  without  any  shock  or 
concussion. 
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but  it  was  a  defect  that  the  economy  of  working  expansively  could 
not  be  obtained  with  a  pump  on  that  principle,  as  the  full  pressure 
of  strain  was  required  to  complete  the  stroke.    There  was  a  simple 

contrivance  in  the  shut-off  valve  of  the  delivery  pipe,  for  changing 
the  direction  of  the  discharge;  the  valve  was  constructed  with  a 
double  face,  ami  fitted  to  shut  the  opening  on  either  side,  so  as  to 
pump  either  into  the  tank  or  into  the  fire-hose,  by  screwing  the 
valve  spindle  in  one  direction  or  the   other. 

The  Secretary  said  that  Mr.  Whytehead  had  expected  to  give 
the  results  of  a  trial  of  the  pump  to  ascertain  the  duty  yielded  by 
it.  by  measuring  the  quantity  of  water  discharged  and  taking 
indicator  figures  from  the  engine;  but  he  had  not  yet  been  able  to 
make  the  experiments. 

.Mr.  PRESTON  remarked  that  a  direct -acting  steam  pump  had  been 
constructed  by  Mr.  Perm  for  feeding  marine  boilers,  but  that  he 
adopted  a  crank  motion  now  for  the  purpose,  finding  the  vibration 
and  shock  of  the  tappet  motion  too  great  for  working  the  valve. 

Mr.  Rvmsuottom  observed  that  the  steam  buffer-spring  upon  the 
^aIve  spindle  in  this  pump  appeared  to  be  very  effectual  in  taking 
off  the  shock,  even  when  working  at  a  considerable  speed  ;  and  the 
equilibrium  established  between  the  two  ends  of  the  pump,  by  means 
of  the  holes  through  the  plunger,  caused  the  valves  to  close  down 
upon  their  seats  almost  before  the  return  stroke,  and  prepare  the 
pump  for  the  reversed  action  of  the  steam. 

Mr.  Middleton  thought  there  would  not  be  any  advantage  gained 
with  this  pump  in  simplicity  over  a  crank  engine,  and  it  would  not 
be  so  economical  in  power,  from  not  being  able  to  work  the  steam 
expansively. 

\]r.  Lpfold enquired  how  long  the  india-rubber  valves  were  found 
to  last  in  pumps. 

Mr.  PRESTON  said  the  india-rubber  valves  answered  very  well  in 
the  air-pumps  of  marine  engines  ;  they  were  always  used  for  screw 
•Is,  on  account  of  the  rapid  action  of  the  valves  with  short- 
stroke  engines,  for  which  metal  valves  were  not  applicable.  The 
time  they  lasted  varied  very  much  with  the  circumstances;  vulcanised 
sheet  india-rubber  only  should  be  used,  and  might  last  some  months, 
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.Mr.  Pbbbtoh  observed  that  the  india-rubber  in  pump  valves  was 
subjected  to  more  severe  wear,  from  the  constant  rapid  bending  ami 

the  action  of  the  water,  than  tin'  mere  compression  in  buffer  springs. 
Some  of  the  vahcs  proved  defective  at  first  in  consequence  of 
being  cut  transversely  Erom  ^  cylinder  of  india-rubber,  which  was 
manufactured  by  rolling  up  a  long  sheet;  these  valves  split  open 
in  the  roll  and  became  defective,  from  the  constant  action  upon 
them;  but  all  he  now  used  were  cut  out  of  a  single  flat  sheet,  and 
were   found  to  stand  very  well. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Whytehead 
for  his  description  of  the  pump,  which  was  passed  ;  and  expressed 
a  hope  that  he  would  furnish  at  another  meeting  the  results  of  a 
trial  of  the  duty  yielded  by  the  pump. 


The  following  paper,  by  Mr.  John  E.  Gift,  of  Birmingham,  was 
then  read  : — 


o.\  IMPROVED  ITKE-BKICK  GAS  RETOKTS. 

The  object  of  this  paper  is  to  describe  a  plan  for  constructing 
Gas  Retorts,  which  the  writer  has  had  in  use  several  years  at  the 
works  under  his  management,  and  has  also  adopted  at  various  other 
towns  ;  and  the  only  apology  he  has  to  offer  for  bringing  it  before 
the  meeting  is  the  request  of  the  Council  of  the  Institution  to 
furnish  the  practical  results  of  the  working  of  the  plan. 

The  first  great  desideratum  in  a  gas-generating  retort  is  on  all 
hands  acknowledged  to  be  surface  :  a  large  surface,  upon  which  may 
be  spread  a  thin  layer  of  coal.     This  was  early  shown  by  Mr.  Clegg, 
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The  third  requisite  in  a  retort  is  durability,  The  proper  way  to 
measure  this  element  is  to  divide  the  quantity  of  gas  made  by  the 
cost  of  the  rel  >rts  and  ovens  and  the  repairs  during  the  time  they 
are  worked.  This  will  be  shown  presently  by  a  comparison  from 
the  actual  working  of  iron  and  fire-brick  retorts. 

The  retorts  to  be  described  iu  the  present  paper  are  composed 
entirely  of  fire-bricks,  with  cast-iron  front  plates  to  attach  the 
mouth-pieces  to,  and  to  bind  the  brickwork  together :  and  they  are 
made  of  any  length,  width,  or  height.  They  are  generally  con- 
structed in  sets  of  three,  as  shown  in  Fig.  1,  Plate  73,  which  is  a 
front  elevation.  A  A  are  the  front  plates  of  cast  iron,  1^  inch  thick. 
B  B  are  the  wrought-iron  stays,  4  inches  by  1|  inch,  fastened  at  the 
bottom  by  cramps  built  into  the  brickwork,  and  at  the  top  by 
tension  bars  connected  to  similar  stays  at  the  opposite  end.  C  is 
the  furnace  door.  D  D  are  the  two  lower  retort  mouth-pieces,  15  ins. 
by  15  ins.  E  is  the  large  upper  retort  mouth-piece.  FF  are 
Bight-holes  For  examining  the  flues  and  cleaning  dust  from  the 
external  Burface  of  the  retorts. 

Fig.  2  is  a  transverse  section  ;  G  is  the  furnace,  H  H  are  the 
two  lower  retorts,  15  inches  wide  by  15  inches  high  and  20  feet 
long,  with  a  mouth-piece  at  each  end.  The  fire-bricks  forming  the 
bottoms  and  sides  of  the  retort  are  16  inches  long  and  3  inches 
thick,  and  the  arch-bricks  forming  the  top  are  9  inches  long  by 
3i  inches  deep.  Each  brick  is  rebated  1  inch  deep  in  the  transverse 
ioints.  and  grooved  in  the  longitudinal  joints,  as  shown  by  the 
enlarged  drawing,  Fig.  3  ;  these  grooves  are  filled  with  stiff  fire-clay 
when  they  are  put  together,  which  burns  into  a  hard  tongue  J  inch 
thick  as  it  becomes  heated.  The  object  of  these  tongues  is  twofold  : 
thev  offer  a  resistance  to  the  leakage  of  the  gas  by  breaking  the 
joint,  and  they  tie  together  the  arch  of  the  retort. 

K  is  the  large  upper  retort,  5  feet  3  inches  wide,  and  20  feet 
long,  open  for  charging  at  both  ends  ;  the  bricks  are  similar  to 
those  forming  the  small  lower  retorts.  LL  are  a  series  of  cross 
arches,  each  5  inches  thick,  spanning  the  furnace  G-,  and  flat  on  the 
top  ;  these  arches  cover  the  underside  of  the  transverse  joints  in 
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these  retorts  in  1844,  and  they  continue  in  regular  work  now,  and 
are  in  good  condition  :  the  cost  of  repairs  of  the  retorts,  ovens,  and 
I'urnaivs  during  the  eight  years  they  have  worked  has  not  exceeded 
L'i'.'j.  per  annum  for  each  set. 

The  writer  accounts  ior  the  durability  and  economy  of  retorts 
constructed  on  this  plan,  firstly,  by  their  being  composed  of  a  great 
number  of  pieces,  instead  of  only  one  ;  so  that  when  their  temperature 
is  altered,  either  by  the  carelessness  of  the  stokers  or  in  letting  down 
the  heat  to  throw  the  retort  out  of  work,  each  joint  opens  a  little, 
to  an  extent  equal  to  the  contraction  of  a  9  inch  brick,  and  prevents 
any  portion  of  the  retort  from  cracking.  In  the  same  way,  in  getting 
up  the  heat  (which  is  a  time  when  a  great  number  of  clay  retorts 
made  in  one  piece  are  destroyed),  if  one  portion  of  the  retort  becomes 
heated  more  than  another,  the  joints  accommodate  the  expansion. 
Or  if  the  brickwork  is  in  a  very  green  state  and  the  expansion  from 
the  moisture  is  great,  the  screws  of  the  tension  rods  may  be  eased, 
which  will  allow  the  whole  mass  of  brickwork  to  swell;  but  as  soon 
as  the  moisture  is  expelled  it  will  sink  back  into  its  place,  and  be  as 
perfect  as  when  first  built.  When  a  set  of  these  retorts  is  first  put 
to  work,  either  new  or  after  being  let  down  for  any  purpose,  it  leaks 
through  the  joints  for  about  24  hours,  gradually  stopping  ;  and  after 
thai  time,  if  the  heat  be  good,  it  will  have  become  quite  sound  and 
permanently  gas-tight,  under  a  pressure  equal  to  10  or  12  inches 
head  of  water. 

From  a  sufficiently  long  experience,  the  writer  has  proved  that 
brick  retorts  built  upon  this  plan  will  wear  for  10  years,  with  the 
outlay  of  20.s\  per  annum  for  repairs,  and  that  iron  retorts  will  not 
last  more  than  1|  years  under  the  most  favourable  circumstances. 
Then  to  show  their  comparative  economy,  take  a  number,  say  20 
sete  or  beds  of  iron  retorts,  and  20  beds  of  fire-brick  rvtorts,  each 
bed  being  capable  of  making  20,000  cubic  feet  of  gas  in  24  hours ; 
and  to  make  the  calculations  as  correct  as  possible,  let  the  cost  and 
repairs  of  each  be  estimated,  and  the  quantity  of  gas  they  will  make, 
during  a  period  of  10  years,  in  order  to  ascertain  the  cost  of  the  gas 
produced  from  each  plan  per  10,000  cubic  feet. 
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Mr.  Cleft  exhibited  specimens  of  the  fire-bricks,  showing  the 
mode  of  jointing  them  to  prevenl  Leakage  of  the  gas. 

Mr.  Chbllhtgwobtb  enquired  whether  a  defect  in  a  brick  retort 
could  be  repaired,  such  as  a  bad  joint.  When  an  iron  retort 
became  broken  it  could  not  be  repaired,  and  was  all  lost,  and  had  to 
be  pulled  out  :  but  it  was  'a  great  advantage  in  the  brick  retorts  if 
they  could  be  readily  repaired. 

Mr.  Cleft  replied  that  a  defect  could  be  easily  repaired  at  any 
time,  without  stopping  the  working  of  the  retorts;  the  surface  of 
the  retorts  could  be  thoroughly  examined  through  the  different 
sight-holes,  and  any  defective  joint  detected  by  the  appearance  of  a 
gas  flame,  and  a  single  brick  could  be  taken  out  of  any  part  when 
required,  and  removed  by  proper  tools  through  the  sight-holes, 
which  were  made  large  enough  for  a  brick  to  pass  ;  and  another 
brick  was  then  set  in  its  place  with  fire-clay,  without  occasion  to 
let  down  the  heat  of  the  retort.  When  a  brick  retort  was  pulled 
down,  it  was  found  that  the  carbon  deposited  from  the  gas  filled  up 
any  crack  or  fracture,  by  the  carbon  adhering  to  the  rough  surface 
of  the  brick  and  collecting  upon  it,  from  the  indestructible  nature 
of  the  brick.  But  a  crack  in  a  cast-iron  retort  continued  getting 
worse,  and  became  constantly  more  open,  on  account  of  the  surface 
of  the  iron  perishing  in  the  sides  of  the  crack,  which  prevented 
it  from  getting  closed  up  by  a  deposit  of  carbon  as  in  the  brick 
retorts.  When  a  cast-iron  retort  was  once  cracked  it  was  done  for, 
and  must  be  thrown  away,  requiring  the  whole  oven  to  be  opened 
out  and  rebuilt,  and  causing  a  serious  delay  to  the  work,  as  well 
as  expense. 

Mr.  Kamsbottom  remarked  that  the  greater  equality  in  the  rate 
of  expansion  by  heat  of  carbon  and  fire-brick,  than  of  carbon  and 
cast  iron,  would  probably  assist  in  keeping  the  joints  close. 

Mr.  Clift  observed  that  on  pulling  down  the  brick  retorts  after 
seven  years'  working  it  was  found  that  the  joints  were  completely 
blackened  and  filled  with  carbon  half  way  through,  up  to  the 
fire-clay  stopping  in  the  centre  groove;  but  the  outer  half  of  the 
joints  showed  no  appearance  of  the  carbon  having  passed  Hie 
groove. 


IITC. 

Mr.  H.  ^       in  n  d  I  .It  on 

Mr.    I       t'>    plan. 

l>rt'M  :il   thej  i  it  tn 

rily :  I  her  ...  tting  up  the 

as  an 
important  improvement . 

d  that   tl.  -t  nut  in 

doable  the  usual  length,  with  a  month  bad 

:    but    he  found   it   a 
impr  adopted  it   in  all   new   works.      I 

up   with    a    la  i    of 

ularlv  :it   th  ads,  where    the 

several   inches    thick    and    \ery    hard,   and    tin-    ret  or  ■ 

srork  and  the  heal    let  down,    .  eight  months, 

clearing  oat  this  -curt',  and  getting  it 

action  in   cooling.      Hut  in  the  long  retorts,  open  at 

-.  there  was  no  bach  for  the  scurf  to  aoeumnlate  at,  and 

current  of  air  throogfa  the  retorta  every  time  that  both  ends 

meed  the  acm  off,  and  it  «a>  much  earn 

h;  and  conseqnentlj  it  was  found  I  would  work  much 

to  be  let  down.    Also  the  centre  portion  of 
is  the  hottest  part  and  mo^t  valuable  for  making 
the  blank 

is  only  a  single  brick  wall  dividing  the 

:  and  bj  tent  of  the 

:*ed,  without  any  increase  in  t! 

Another  advantage  was  found  in  preventing  the  injury  and  shaking 

of  the  joints  thai  a  d  in  drawing  the  coke  from  the  retort, 

being  driven  against  the  hack  oi  irt. 

thanks   of    the  m<  Mr.    GUfi    tor  his 


L86 


The  Meeting  fchen  terminated. 

\  •  r  the  meeting  a  Model  was  exhibited  of  a  aew  construction 
Permanent   Way   for   railways,   by  Mr.  J.  B.   McOonnell,   of 
Wblverton. 
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\  K  B-PRESIDENTS. 


to  >i.\,  with  reference  to  the  different  meetings  of  the  .Institution 
in  Birmingham  and  other  places.  Nine  names  wore  proposed  for 
nomination  as  Vice-Presidents,  and  if  the  proposed  increase  was 
adopted  at  the  Annual  Meeting,  the  six  highest  would  ho  elected; 
otherwise  the  three  highest,  as  before. 

The  following  list  of  Members  was  then  proposed  for  nomination, 
for  the  election  of  the  Council  and  Officers  at  the  next  Annual 
Sleeting  : — 

P  RESIDENT. 

*  Hubert  Stephenson,  M.P.,  .         .         .     London. 

VICE-PRESIDENTS. 

(>Six  or  three  of  the  number  to  be  elected.) 

*  Charles  Beyer,        ....  Manchester. 
William  Fairbairn,    ....  Manchester. 
Edward  Humphrys,           .         .         .  London. 
Edward  Jones,    .....  Liverpool. 

*  James  E.  McConnell,      .         .         .  Wolverton. 

*  John  Pexx,          .....  London. 
Robert  B.  Preston,          .         .         .  Liverpool. 
Archibald  Slate,         ....  Dudley. 
Joseph  Wiiitworth,          ...  Manchester. 

council. 
{Five  of  the  number  to  be  elected.) 

Samuel  II.  Blackwell,       .        .        .  Dudley. 

*  William  Buckle,     ....  London. 

*  Jonx  E.  Clift,    .....  Birmingham. 
r.ix.iAMix  FoTnERGiLL,      .         .         .  Manchester. 
Wvmjiiam   Harding,     ....  London. 

John  Napier, Glasgow. 

Richard  Peacock,        ....  Manchester. 

*  J.  Scott  Russell,    ....  London. 

*  Robert  Sinclair,  ....  Glasgow. 

*  .J(isi:ni  Wiiitworth,  .         .         .         Manchester. 


TREASURER. 

*  Charles  Grach,  M.P., 


l;irmingham. 
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The  firs!  attempt  to  apply  the  gases  in  our  ironworks  was  at 
Ystalyfera  in  South  Wales  by  Mr.  Budd.  The  method  of  employing 
them  was  at  tiisi  defective,  from  t  ho  direct  (lame  of  the  furnace  being 

taken  oil',  instead  of    the   gases    themselves.      The  moment    the    ^'isi-s 

emerge  from  the  top  of  the  furnace  and  unite  with  the  atmosphere, 
ignition  takes  place;  and  if  t lie  ilame  is  to  be  economised,  it  must 
be  immediately  applied  to  the  surface  upon  which  it  is  to  act,  or  its 
heating  power  is  given  off  and  consequently  wasted.  The  attempt 
therefore  to  apply  flame  necessitated  the  erection  of  the  boilers,  or 
of  the  pipes  in  which  the  blast  was  to  be  heated,  in  immediate 
c  tntiguity  with  the  tunnel  head.  In  many  works  this  was  a  matter 
of  great  difficulty,  and  in  very  few  could  it  be  done  without 
inconvenience.  Even  where  practicable,  the  flame  always  acted 
powerfully  upon  the  passages  through  which  it  passed,  and  exhausted 
itself  in  proportion  to  their  length  and  absorbing  powers,  before  it 
became  available  at  the  points  where  it  was  really  required.  This 
difficulty  led  to  such  an  alteration  in  the  arrangements  adopted, 
that  instead  of  the  flame  the  gases  themselves  could  be  drawn  off 
from  the  materials  in  the  furnace,  before  they  had  become  ignited 
by  mixing  with  air. 

This  was  effected  by  the  arrangement  shown  in  Fig  1,  Plate  76. 
A  cylinder  A  of  cast  or  wrought  iron,  resting  by  a  broad  flange 
upon  the  lining  of  the  furnace,  was  carried  down  to  a  depth  of 
several  feet  beneath  the  top  of  the  pipe  B,  through  which  the  gases 
passed  off.  The  diameter  of  the  furnace  expanding  from  the  top 
downwards,  an  open  space  C  C  was  thus  enclosed  between  the  cylinder 
and  the  inside  wall  of  the  furnace,  forming  a  reservoir  for  the  gas, 
into  which,  as  long  as  the  cylinder  was  kept  full,  no  air  from  above 
could  enter.  This  arrangement  perfectly  answered  its  purpose,  as 
far  as  regarded  taking  off  the  gas  unignited  ;  and  although  it  still 
passed  <>ll'  at  a  high  temperature,  the  loss  of  heat  in  the  passages 
was  much  diminished,  being  confined  to  simple  radiation  from  the 
hot  but  unignited  gas:  however  far  it  was  carried  its  chemical 
nature  remained  unchanged,  and  atmospheric  air  was  allowed  to 
mix  with  it  only  on  its  reaching  the  point  where  the  heat  given  off 
in  its  combustion  became  available. 
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The  writer  determined  upon  obviating  this  by  covering  the 
opening  into  the  gas  Hue  with  a  wrought-iron  cylinder,  as  iii  Fig.  1. 
The  tops  of  i lit-  furnaces  were  small,  and  only  admitted  of  cylinders 

of  the  respective  sizes  of  \\  feel  and  G  feet  being  employed.  The 
eileet  was  perfectly  satisfactory  in  enabling  a  regular  supply  of 
Unignited  gas  to  be  obtained;  but  the  furnace  with  the  U  feet 
cylinder  began  to  scaffold  and  slip;  the  tuyeres  were  exceedingly 
troublesome,  and  the  weekly  make  fell  off  considerably.  After  a, 
trial  of  one  or  two  weeks,  the  cylinder  was  taken  out,  other  means 
were  adopted  to  prevent  the  gas  taken  off  from  becoming  ignited, 
and  the  furnace  again  resumed  its  former  regularity.  The  furnace 
into  which  the  6  feet  cylinder  had  been  placed  worked  far  better, 
but  not  quite  satisfactorily  ;  and  upon  the  cylinder  burning  out,  it 
was  not  replaced,  arrangements  being  made  similar  to  those 
adopted  in  the  other  furnace.  It  will  not  be  necessary  to  describe 
the  exact  details  of  these  arrangements,  as  arrangements  similar  in 
principle  but  unproved  by  subsequent  experience  will  be  afterwards 
described;  they  did  not  differ  much  from  those  shown  in  Fig.  6, 
Plate  78.  Both  furnaces  have  worked  ever  since  satisfactorily,  and 
the  gases  taken  oil"  furnish  all  the  heat  required  for  heating  the 
blast,  no  slack  whatever  having  been  used  for  some  years  for  the 
purpose. 

It  was  evident  from  this  trial,  and  from  similar  results  at  other 
works,  that  the  irregularity  did  not  arise  from  the  mere  abstraction 
of  the  gases  themselves ;  and  there  was  only  one  other  cause  to 
which  it  could  be  attributed,  namely  the  narrowing  of  the  filling 
part  of  the  furnace.  The  question  then  arose,  in  what  way  did  this 
operate.  The  first  suggestion  that  presented  itself  was  naturally 
that  the  effect  produced  arose  from  decreasing  the  area  through 
which  the  gases  generated  in  the  furnace  were  given  off,  and  thus 
causing  greater  obstruction  to  the  free  passage  of  the  blast.  This 
explanation  was  soon  found  to  be  untenable. 

The  saving  effected  in  some  of  the  Welsh  works  by  the  use  of 
such  a  portion  of  the  gas  as  could  be  economised  by  means  of  the 
cylinders  employed  there  led  to  a  wish  to  make  the  entire  quantity 
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materials  at  once  drop  in  around  it.  This  arrangement  is  now  in 
full  operation  and  working  satisfactorily  at  several  of  the  works 
belonging  to  the  Ebbw  Vale  Company. 

Both  at  those  works,  and  also  at  the  Cwm  Celvn  Works,  the 
furnaces  with  the  closed ,  tops  work  well ;  they  carry  equal  if  not 
better  burdens  than  those  which  are  open ;  they  work  with  equal 
regularity,  and  make  an  equal  quantity  of  iron.  The  area  through 
which  the  gases  are  taken  off  is  in  some  cases  not  equal  to  that  of  a 
3  foot  pipe,  and  much  less  than  that  of  the  smallest  of  the  cylinders 
which  produced  such  unfavourable  results.  Consequently  the 
injurious  action  of  these  cylinders  could  not  arise  from  the 
decreased  vent  permitted  to  the  gases,  nor  from  any  obstruction 
in  the  blast.  The  only  other  way  in  which  the  cylinders  could 
produce  any  effect  would  be  by  causing  the  materials  filled  into  the 
furnace  to  fall  too  much  towards  the  centre  of  the  furnace ;  thus 
producing  an  arrangement  which  in  some  way  acts  prejudicially  upon 
its  general  working.  By  the  action  of  the  cones,  the  materials  filled 
into  the  closed  furnaces  are  scattered  round  the  side  of  the  furnace, 
and  are  thus  arranged  as  they  would  be  in  open  furnaces  with  wide 
tops.  It  thus  became  at  once  obvious  that  cylinders  in  Wales  had 
been  productive  of  less  injurious  consequences  to  the  general 
working  of  the  furnace  than  those  in  Staffordshire,  because  the 
greater  width  of  the  Welsh  tops  had  permitted  cylinders  of  from  8 
to  10  feet  to  be  employed,  whilst  in  Staffordshire  oidy  cylinders  of 
much  smaller  size  were  practicable. 

The  important  effect  produced  on  the  working  of  the  furnace 
chiefly  by  an  alteration  in  the  arrangement  of  the  materials  in  the 
furnace  is  a  point  of  considerable  interest,  but  one  to  which  little 
attention  has  been  hitherto  paid.  In  practice  it  has  long  been 
known  to  the  best  managers  of  furnaces  that  wide  tops  were 
desirable,  and  generally  accompanied  by  increased  make ;  but 
the  precise  manner  in  which  wide  tops  acted  was  not  clearly 
known  until  the  attempt  to  use  the  waste  gases  led  to  its 
evident  explanation.  On  the  Continent  the  importance  of  such 
an  aiTangement  of  materials  as  would  facilitate  the  passage  of  the 


I '.'7 

known  I  bad  upon;  and  the  m 

imu-li   pleased   t. i   find   fi    m    M .    I   UU 

\  I   with    the    Btyrian    ironworks,    that    ^n»at 

.   the  adoption  of   wid  the 

furnaces  of  that  <i  cnbined  with  ■  method  of  tilling 

was  planed  in  the  •   tli" 

furnace  :m<l  th e  and  limestone  around  td 

a  fen    months  hack  ■  I  I  in  the 

.-.    which    be    found    provided    with    ;i   cylinder    and    other 
ff   the  gasos.      Although    apj 
thai  the  oyhnder  would  materially  ii  th  the  working  of  the 

fnrna  hing  wee  arranged  for  it  ami  a->  it  i 

in  diaaeter,  he  determined  to  blow  tin-  furnaosin  without  alt. -ration. 
Thi>  wm  done,  and  theeoq  i It  follow  -taut  *elip] 

ainl  fretting  •  with  all  their   attendant    had  The 

stacks  wen  not   powerful  enough  to  draw  off  the  jmm*s  unless  a 
!  top  was  used,  and  tin-  writer  therefore  adopted  an  arrangement 
what  similar  to  the  Ebbw  Vale  one  leal  described;  th.- - 
fittingi   and   arrangement    are    shown   in    Pig.  4,  Plate  77. 
result   was  immediate;  the  furnace  worked  with  regularity, 

and  earned  a  ^r< m «l  burden,  hut  white  iron  alone  was  produced, 
burden  was  lightened,  hut  the  iron  remained  whit..     A  yet  further 
light*  th.-  burden  was  made,  hut  although  tin-  eindei 

-till  th.-    iron  WM  whit.-.       I  i.-nt    that 

proportion  of  ooke  would  not  produce  th.-  desired  ch 

and  \  he  white  iron  was  evidently  the  effi 

the  closed  top.     A  (Mi"-  •)   9  inches  diameter  was  inserted  at  the 
filling  place,  but  with  no  efl  Another  pipe  sited,  and 

little  change   appear         a     it    was   important    t<.  produce 
:«,    it    wi  i.'d    to    sacrifice     the    m 

ather   than   continue   t..   make    white    iron. 
Th.-  hd  or  mire   A   upon   the    main   gas    pij*'   li,  and   also   the 

od    :i 

evident.      The   bran    ■- 
and  the   furnace  worked  with    regularil  white 

o 


198  BLAST    FURNACES. 

evidently  been  caused  by  the  pressure  produced  by  the  closed  bop  ; 
and  bo  extremely  sensitive  did  the  furnace  appear  to  be  to 
the  Blighted  restraint  upon  the  free  removal  of  the  gases,  that 
even    B    Btrong    wind    blowing    into   the   open    box,    through    which 

the  gases  were  principally  escaping,  would  throw  the  furnace  to 

white  iron. 

In  Wales,  where  the  closed  tops  are  successfully  employed,  the 
production  of  white  iron  is  rather  sought  for,  and  hence  the 
tendency  in  closed  tops  to  produce  that  quality  is  no  disadvantage. 
In  many  cases  however  it  must  be  a  fatal  objection  to  their  use. 
But  for  this  objection  closed  tops  would  become  universal,  as  they 
entirely  do  away  with  the  necessity  for  a  lofty  stack,  and  enable  all 
the  gases  to  be  economised. 

That  the  tendency  to  produce  white  iron  had  no  connection 
with  the  mere  abstraction  of  the  gases  from  the  furnace  is  clearly 
^lunvn  by  the  results  of  the  Scotch  furnaces,  in  which  they  are  taken 
off  without  employing  closed  tops.  At  Dundy  van  especially,  great, 
attention  has  been  paid  to  this  point,  and  the  result  has  shown  that 
the  furnaces  from  which  the  gases  are  taken  off  work  with  equal 
regularity  and  produce  grey  iron  with  equal  facility  to  those  from 
which  the  gases  are  not  taken  off;  and  it  would  be  easy  to  multiply 
instances  of  the  same  result. 

The  manner  of  taking  off  the  gases  at  Dundyvan  is  shown  in 
Fig.  5,  Plato  78.  The  furnace  is  42  feet  high,  and  12  feet  diameter 
in  the  centre  ;  it  commences  to  narrow  at  12  feet  from  the  bottom  to 
form  the  boshes  and  hearth,  the  hearth  being  7  feet  wide  at  the 
bottom ;  it  also  commences  to  narrow  at  8  feet  from  the  top,  which 
at  the  filling  plate  is  8  feet  wide.  Below  the  part  so  narrowed, 
eight  flues  AAA,  4  feet  high  and  18  inches  wide,  placed  at  equal 
distances  from  each  other,  lead  into  an  annular  chamber  BB 
running  round  the  furnace  and  continued  up  to  the  filling  platesj 
by  which  it  is  closed  ;  the  pipe  C  for  the  passage  of  the  gas  is  placed 
nearly  at  the  top  of  this  annular  chamber.  .Sometimes  the  entrances 
to  the  flues  are  covered  by  a  wrought-iron  cylinder,  10  feet  wide, 
ing  on  a  flange  let  into  the  lining  of  the  furnace  at  a  depth  of 
from  5  to  6  feet  below  the  filling  plates,  so  as  to  leave  a  circular 
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acta  as  a  reducing  agent  upon  the  oxide  of  iron  of  tho  oro,  by 
uniting  with  the  oxygen,  by  which  a  considerable  portion  is  again 
converted  into  oarbonic  acid.  The  gases  emerging  from  the  top  of 
tlu-  furnace  arc  therefore,  from  the  result  of  the  chemical  .action 
now  detailed,  and  also  From  the  carbonic  acid  liberated  from  the 
limestone  used  as  flux,  mure  highly  charged  with  carbonic  acid  than 
those  which  may  be  taken  off  at  a  lower  point;  and  consequently, 
to  the  extent  of  this  greater  proportion  of  carbonic  acid,  they 
possess  Kss  heating  power.  Where  oidy  a  portion  of  the  gases  are 
taken  off  therefore,  as  in  the  case  of  open  tops,  the  depth  of  the  flue 
is  important  in  reference  to  the  quality  of  the  gas  taken  off,  as  well 
as  to  its  freedom  from  any  admixture  with  atmospheric  air. 

In  this  notice  of  M.  Ebelmen's  experiments,  all  attention  to  the 
composition  of  the  gases,  except  in  reference  to  their  heating  power, 
is  purposely  omitted. 

The  results  at  which  we  may  now  be  said  to  have  fully  arrived 
are  the  following  : — 

1st. — That  the  wraste  gases  may  be  used  with  great  economy  in 
raising  steam  and  heating  the  blast. 

2nd. — That  they  must  be  taken  off  in  such  a  manner  as  to 
prevent  their  mixing  with  atmospheric  air  before  they  arrive  at 
the  place  where  they  have  to  be  applied. 

3rd.— That  this  may  be  effected  in  two  ways  :  either  by  placing 
the  openings  for  taking  them  off  sufficiently  below  the  surface  of  the 
materials  in  the  furnace,  or  by  closing  the  filling  part  entirely. 

4th. — That  the  first  plan  is  the  most  desirable  where  grey  iron 
is  requisite,  but  where  adopted  it  is  necessary  that  a  powerful 
draught  should  be  obtained  by  a  sufficiently  lofty  stack. 

5th. — That  when  thus  taken  off  the  gases  can  be  conveyed  to 
any  distance  proportionate  to  the  power  of  draught  available, 
without  losing  any  of  their  calorific  power  beyond  that  lost 
by  simple  radiation ;  the  whole  of  the  calorific  power  to  be 
obtained  from  their  combustion  being  economised,  until  atmospheric 
air  is  admitted  to  them  at  the  point  where  the  heating  effect  is 
required. 
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acta  as  a  reducing  agent  upon  the  oxide  of  iron  of  the  ore,  by 
uniting  with  the  oxygen,  by  which  a  considerable  portion  is  again 
converted  into  carbonic  acid.  The  gases  emerging  from  tho  top  of 
the  furnace  are  therefore,  from  tho  result  of  tho  chemical  action 
now  detailed,  and  also  from  the  carbonic  acid  liberated  from  tho 
limestone  used  as  flux,  more  highly  charged  with  carbonic  acid  than 
those  which  may  be  taken  oft"  at  a  lower  point;  and  consequently, 
to  the  extent  of  this  greater  proportion  of  carbonic  acid,  they 
possess  less  heating  power.  Where  only  a  portion  of  the  gases  are 
taken  off  therefore,  as  in  the  ease  of  open  tops,  the  depth  of  the  flue 
is  important  in  reference  to  the  quality  of  the  gas  taken  off,  as  well 
as  to  its  freedom  from  any  admixture  with  atmospheric  air. 

In  this  notice  of  M.  Ebelmen's  experiments,  all  attention  to  the 
composition  of  the  gases,  except  in  reference  to  their  heating  power, 
is  purposely  omitted. 

The  results  at  which  we  may  now  be  said  to  have  fnlly  arrived 
are  the  following  : — 

1st. — That  the  waste  gases  may  be  used  with  great  economy  in 
raising  steam  and  heating  the  blast. 

2nd. — That  they  must  be  taken  off  in  such  a  manner  as  to 
prevent  their  mixing  with  atmospheric  air  before  they  arrive  at 
the  place  where  they  have  to  be  applied. 

3rd. — That  this  may  be  effected  in  two  ways  :  either  by  placing 
the  openings  for  taking  them  off  sufficiently  below  the  surface  of  tho 
matt-rials  in  the  furnace,  or  by  closing  the  filling  part  entirely. 

4th. — That  the  first  plan  is  the  most  desirable  where  grey  iron 
i-  requisite,  but  where  adopted  it  is  necessary  that  a  powerful 
draught  should  be  obtained  by  a  sufficiently  lofty  stack. 

5th. — That  when  thus  taken  off  the  gases  can  be  conveyed  to 
any  distance  proportionate  to  the  power  of  draught  available, 
without  losing  any  of  their  calorific  power  beyond  that  lost 
by  simple  radiation ;  the  whole  of  the  calorific  power  to  be 
obtained  from  their  combustion  being  economised,  until  atmospheric 
.iir  is  admitted  to  them  at  the  point  where  the  heating  effect  is 
required. 
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Mr.  Slate  had  been  informed  that  at  the  Middlesbrough  works 
in  the  North  of  England  much  stronger  iron  than  they  required  for 
qastings  was  produced  by  closing  the  tops  of  the  furnaces,  though 
not  quite  white  iron,  bul  a  high  number  of  pig;  ami  that  a 
considerable  reduction  of  make  was  the  general  result. 

Mr.  QlBB0N8  said  that  a  plan  which  would  answer  in  one  district 

might   not    succeed  in  another  district,  on   account  of   the   great 
difference  in  the  quality  of  the  ores. 

Mr.  McConnkll  noticed  that  it  was  stated  in  the  paper  that  a 
greater  proportion  of  carbonic  oxide  was  found  at  one  height  than 
at  another  :  and  he  enquired  whether  any  experiments  had  been  made 
to  ascertain  the  height  from  which  the  gases  should  be  taken  off  in 
order  to  get  the  best  result. 

Mr.  Bl.U'Kwell  replied  that  from  12  to  15  feet  below  the  top  was 
the  greatest  depth  that  he  was  aware  of  such  a  trial  having  been 
made.  Carbonic  acid  was  generated  at  the  bottom,  as  the  product 
of  combustion,  in  the  neighbourhood  of  the  tuyeres ;  after  rising 
tow.!  ids  the  centre  of  the  furnace  the  carbonic  acid  became  converted 
into  carbonic  oxide,  by  taking  up  carbon  from  the  mass  of 
incandescent  fuel,  and  carbonic  oxide  prevailed  there  ;  but  higher 
still  the  carbonic  oxide  reduced  the  iron  ore,  and  much  of  it  became 
carbonic  acid  again.  At  the  top  of  the  furnace  there  was  a 
considerable  proportion  of  carbonic  acid,  with  a  portion  of  carbonic 
oxide,  but  in  the  centre  of  the  furnace  there  was  carbonic  oxide 
alone. 

M  r.  Hlate  enquired  whether,  if  only  carbonic  oxide  existed  in  the 
centre  of  the  furnace,  any  experiments  had  been  tried  for  drawing 
off  the  gases  from  the  centre  instead  of  taking  them  from  the  top. 

Mr.  Blackwell  did  not  know  of  any  experiments  having  been 
made  for  taking  the  gases  from  the  centre  of  the  furnaces,  and  he 
believed  that  15  feet  from  the  top  was  the  lowest  that  had  been 
tried  :  but  it  must  be  observed  that  in  all  probability  if  the  gases 
were  drawn  off  at  a  lower  level  it  would  reduce  the  yield  of  the 
furnace,  because  the  carbonic  oxide  was  required  to  reduce  the  ore 
of  the  metal,  and  it  would  take  away  so  much  of  the  reducing  power 
of  the  furnace. 
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Mr.  BlA<  SWELL  said  that  of  course  there  was  a  great  difference 
in  tin'  value  of  slack  with  different  qualities  of  coal  ;  in  South 
Staffordshire,  from  the  Black  not  having  a  caking  quality,  it  oould 
be  used  only  for  steam  boilers  and  inferior  purposes ;  but  in  South 
Wales  most  of  the  refuse  slack  was  a  valuable  material  for  making 
coke,  which  increased  its  value  very  much,  and  made  the  saving  an 
important  consideration. 

Mr.  W  .  MlATHBWS  enquired  what  would  he  the  effect  on  the 
heating  pipes,  assuming  that  the  action  on  the  boiler  was  less 
prejudicial.  There  might  be  a  difference  perceived  in  the  effect  of 
the  action  of  the  gases  on  the  pipes  and  on  the  boilers  in  different 
districts,  from  the  variation  in  the  quality  of  the  materials. 

Mr.  Ulack well  replied  that  he  had  had  the  plan  in  operation  for 
three  years  in  some  furnaces  in  Derbyshire,  and  during  that  time  no 
instance  had  occurred  of  repair  being  required  for  the  hot-air 
apparatus  ;  but  it  had  to  be  opened  about  every  six  weeks  to  clear 
away  the  deposit  of  dust.  He  understood  however  that  at  the 
Dundyvan  Works  a  considerable  loss  of  heat  appeared  to  be  caused 
by  the  thick  coating  of  the  pipes  with  dust. 

Mr.  W.  .Mathews  remarked  that  he  had  lately  been  over  the 
Dundyvan  Works  in  Scotland,  where  the  gases  had  been  applied 
more  extensively  than  elsewhere,  and  was  informed  by  the  manager 
that  In-  considered  they  would  be  as  well  without  this  plan,  as  they 
found  it  had  a  very  prejudicial  effect  on  the  heating  pipes,  though 
less  perceptible  on  the  boilers.  In  Wales  they  appeared  to  be  using 
the  plan  with  considerable  advantage,  on  account  of  the  greater 
price  <>f  fuel  ami  coal  slack.  In  South  Staffordshire  he  thought  it 
doubtful  whether  it  would  be  found  advantageous;  a  very  slight 
interference  with  the  regular  working  of  furnaces  would  be  a  serious 
prejudice  both  to  the  quality  and  yield  of  iron,  and  would  more  than 
counterbalance  any  economy  arising  from  the  application  of  the 
He  believed  thai  at  no  other  works  in  Scotland  had  the  plan 
liccn  [tersevered  in,  except  at  the  three  or  four  furnaces  at  Dundyvan, 
At  the  Garteherrie  Works  it  had  been  tried  and  abandoned. 

Mr.  GIBBONS  said  that  after  he  had  made  preparations  for  the 
trial  i  i    the  plan    h<-  came   to  the   conclusion  that   nothing  material 
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The  <'iiaii;m\\  Bald  he  could  not  think  that  the  carbonic  oxide 

took  up  an  atom  of  oxygen  from  the  oxide  of  the  metal;  it  was  a, 
law  n\'  chemical  affinity  (hat  the  second  atom  combined  with  less 
force  than  the  first.  He  considered  it  much  more  probable  that  an 
atom  (.f  carbon  was  taken  from  the  carbonic  oxide  to  unite  with  the 
iron.  Ho  did  not  think  that  the  carbonic  oxide  could  de-oxidise 
the  iron,  and  he  could  not  understand  the  two  converse  processes 
taking  place  at  the  same  time  in  the  furnace. 

.Mr.  Blackwell  said  that  in  the  Exhibition,  accompanied  by 
M .  Le  Play  (one  of  the  Jurors  of  the  Exhibition,  and  professor  of 
metallurgy  in  Paris)  and  Professor  Faraday,  he  saw  some  curious 
specimens  called  "  metallic  sponge,"  which  were  formed  of  pieces 
of  iron  ore,  exposed  when  heated  to  a  current  of  carbonic  oxide  or 
carburetted  hydrogen,  which  de-oxidised  them.  M.  Le  Play  was 
acquainted  with  the  process  before,  but  it  was  new  to  Professor 
Faraday,  who  was  much  interested  with  the  specimens.  He  (Mr. 
Blackwell)  had  not  seen  the  process  of  de-oxidation,  but  was 
informed  that  it  was  effected  by  both  means,  either  by  carbonic 
oxide  or  by  carburetted  hydrogen. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Blackwell  for 
his  important  and  valuable  communication,  which  was  passed. 


The  following  paper,  by  Mr.  William  A.  Adams,  of  Birmingham, 
was  then  read  : — 

ON  IMPROVEMENTS  IN  THE 
CONSTRUCTION  AND  MATERIALS  OF  RAILWAY  WAGONS. 

The  improvements  described  in  the  present  paper  consist 
principally  in  the  substitution  of  wrought  iron  for  wood  in  the 
construction  of  the  under-frame  of  Railway  Wagons. 

In  the  commencement  of  1851  the  attention  of  the  writer  was 

directed  to  the  construction  of  a  large  number  of  wagons  for  the 

eyanos  of  coal,  which  were  to  be  hired  for  a  term  of  years,  and 

in   which  consequently  the  desideratum  to  be  aimed  at   was   such 
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lighter,  It  ia  to  be  observed  (hat  a1  the  present  time  there  is  no 
[ble  oommercia]  inducement  to  the  private  wagon-owner  to 
reduce  the  dead  weight,  hut  every  inducement  to  reduce  the  first 
with  due  regard  to  maintenance  and  durability;  and 
consequently  no  attention  has  been  given  to  the  reduction  of  the 
weigh!  in  the  details  of  construction,  whenever  such  reduction  of 
weighl  entails  any  additional  trouble  or  cost. 

The  construction  of  the  improved  wagon  is  shown  in  Plates  79 
and  80.  Fig.  1  is  a  side  elevation  of  the  wagon;  Fig  2  an  end 
elevation ;  Fig.  3  a  plan  of  the  under-frame  ;  Fig.  4  a  transverse 
section  of  the  wagon  ;  Fig.  5  a  longitudinal  section  of  the  end  of  the 
wagon;  and  Fig.  6  a  section  of  the  centre  cross-bearer.  Fig.  7 
shows  enlarged  sections  of  the  frame-iron  A,  the  cross-bearer  C,  and 
the  stanchions  H,  specimens  of  which  are  exhibited ;  the  smaller 
section  of  frame-iron  D  is  used  for  a  smaller  class  of  wagon. 

The  soles  AA  and  headstocks  BB  are  constructed  of  the  larger 
frame-iron,  which  is  8  inches  deep,  4|  inches  wide  on  the  bottom 
flange,  and  13-32nds  inch  thick  ;  the  weight  is  20  lbs.  per  foot. 
The  section  of  the  frame-iron  is  designed  according  to  the  principle 
discussed  in  the  former  paper,  so  as  to  obtain  with  the  least  weight 
of  material  the  greatest  amount  of  strength  under  the  particular 
circumstances  to  which  it  is  subjected  ;  the  mass  of  metal  in  the 
section  is  situated  at  the  three  extreme  points,  vertically  and 
horizontally,  to  afford  the  greatest  strength,  and  the  ends  are 
thickened  to  11-lGths  inch  at  the  top  and  13-16ths  at  the 
bottom.  This  frame-iron  is  rolled  in  a  similar  manner  to  ordinary 
angle-iron!  The  corners  of  the  frame  are  mitred,  being  sawn  cold 
by  a  machine  set  at  an  angle  of  45°,  which  ensures  truth  in  the 
joint.  On  the  under  side  the  corners  are  secured  by  a  plate  5  inches 
wide  by  f,  inch  thick,  fixed  with  three  |  inch  rivets  at  each  end. 
The  top  of  the  frame-iron  ie  secured  by  a  knee  2|  x  f  inch,  fixed 
with  three  £  inch  rivets  on  the  side,  and  two  at  the  end.  Below 
this  the  corner  is  further  secured  by  an  angle-iron  knee  3£  X  \  inch, 
fixed  to  the  side  with  two  \\  inch  rivets,  and  to  the  end  with  one 
rivet,  the  other  hole  taking  one  of  the  bolts  of  the  buffer-block.     A 
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(see  Proceedings  [nst.  M.  E.  January  and  April  1850),  which  reduce 
the  total  weight  148  lbs.  in  the  Bet  of  four  springs,  and  the  expense 

proportionally,  with  the  same  extent  of  clastic  action  as  the  ordinary 
springs.  The  spring  shoes  are  of  cast  iron,  fixed  with  a  jl  inch  bolt 
to  the  bottom  flange  of  the  frame  iron,  and  prevented  from  turning 
round  by  a  lip  at  the  back,  fitting  against  the  frame. 

The  stanchions  1111  to  support  the  ends  are  made  of  tramway 
iron,  3|  x  2  inches,  and  are  fixed  to  the  frame  by  two  |  inch  rivets. 
A  small  cross-bearer  of  hard  wood  is  fixed  between  the  frame  and 
the  diagonal,  to  carry  the  side  knee. 

The  construction  of  an  ordinary  wood-framed  wagon,  of  the 
same  size  and  class,  is  shown  in  Figs.  8,  9,  and  10,  Plate  80.  Fig.  8 
is  a  side  elevation,  Fig.  9  a  cross  section,  and  Fig.  10  a  plan.  The 
soles  AA  and  headstocks  BB  are  of  oak,  12  X  4£  inches,  mortised 
together,  and  secured  by  transverse  bolts  through  the  entire  frame. 
The  floor  is  laid  crossways  upon  the  soles.  With  the  same  height  of 
buffers  this  wagon  carries  the  load  Gk  inches  higher  than  the 
iron-framed  wagon. 

The  objects  aimed  at  in  the  construction  of  the  iron-framed 
railway  wagon  described  above  are — first,  increase  of  durability, 
and  consequent  economy  in  the  expense  of  maintenance,  by  the 
substitution  of  iron  for  wood  in  those  parts  that  are  subjected  to 
constant  strains  and  concussions,  tending  to  rack  the  joints  and 
make  them  work  loose.  In  wood  framing  this  action  exposes  it  to 
great  injury,  from  wet  penetrating  the  joints  ;  and  the  wood  is 
liable  to  be  shaken  and  split.  But  in  the  iron  framing  the  joints 
are  fitted,  iron  and  iron,  with  very  short  bolts  and  rivets,  and  are 
as  rigid  and  durable  as  boiler  work  ;  and  the  iron,  when  protected 
from  oxidation  by  paint  or  tar,  is  of  great  durability,  remaining 
nearly  as  sound  as  at  first,  after  such  a  number  of  years'  work 
ae  is  the  ordinary  limit  of  the  work  to  be  got  out  of  a  wood  frame. 

The  second  object  is  diminution  of  weight  in  the  frame,  and 
consequent  economy  in  the  dead  weight  to  be  conveyed  and  the 
expense  of  locomotive  power.  This  reduction  of  weight  amounts  to 
1 1  per  cent.,  and  the  resulting  economy  is  an  important  consideration, 
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in  wood-framed  wagons  the  elasticity  of  the  wood  saved  the  holts 
from  breaking  with  a  sudden  blow.  The  wagons  got  very  seriously 
injured  hy  the  blows  that  the  wheels  received  by  being  run  against 
the  stops  fixed  at  the  ends  of  sidings  ;  and  this  made  the  fixing 
of  the  axleguards  an  important  matter.  He  quite  agreed  with 
31  r.  Adams  that  it  was  a  great  advantage  to  reduce  the  dead  weight. 
Mr.  E.  Jones  thought  that  one  of  the  greatest  sources  of  injury 
in  knocking  about  wagons  on  railways  was  the  want  of  spring 
buffers;  they  should  all  have  spring  buffers  at  one  end,  and  the 
extra  expense  would  be  amply  returned  by  the  saving  of  injury  in 
wear  and  tear. 

The  Chairman  said  he  agreed  in  the  opinion  that  all  railway 
stock  should  have  spring  buffers ;  it  would  cause  a  great  saving  in 
the  expense  of  repairs,  and  greatly  increase  the  durability  of  the 
wagons ;  but  if  there  was  only  one  end  of  each  with  buffers,  the 
two  dead  buffers  would  often  be  liable  to  set  together,  which  would 
be  as  bad  as  having  no  spring,  and  the  principle  could  not  be 
completely  carried  out  without  spring  buffers  at  both  ends. 

Mr.  Slate  thought  that  railway  wagons  should  not  be  required 
to  be  built  for  running  off  the  line.  It  was  an  important  point  to 
railway  companies  to  avoid  running  off  the  line  and  the  knocking 
about  of  wagons  at  the  stations,  and  such  bad  usage  should  be 
prevented.  A  saving  in  dead  weight  would  have  the  advantage  of 
diminishing  the  injury  in  accidents,  if  combined  with  equal 
strength. 

Mr.  Adams  enquired  whether,  in  the  iron-framed  wagons 
mentioned  by  Mr.  Wright  (in  which  the  axleguard  bolts  were 
found  to  shear  off),  the  axleguards  were  not  of  the  old  shape,  fixed 
on  only  with  three  or  four  |  inch  screw-bolts,  in  which  case  the 
nuts  working  loose  would  make  them  liable  to  break  off.  He  had 
not  found  any  proof  of  deficient  strength  in  all  the  number  he  had 
made,  in  which  four  |  inch  rivets  were  employed  to  hold  each  leg 
of  the  axleguards. 

Mr.  H.  Wright  replied  that  in  some  cases  only  four  screw-bolts 
were  used,  but  they  broke  off  without  the  nuts  coming  loose.  The 
best  form  of  axleguard  for  the  purpose,  he  thought,  was  that  shown 
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ages;  as  tin- 1  journal   in  thfl  whole  train   Ls 

rious  reeoha,  not  only  bj 

n    in 
the  train.     Notwithstanding  the  gi  tention  that   tl 

has i'  oar  roade  (in  tin-  em 

more  particularly)  bat  some  one  or  more  of  the  axle 

•■  that  the  writei  i  tin  had  to 

be  passed  into  a  -  I    more   than   two  boon,   before  it  could 

again  proceed  on  its  jourr-  what    i- 

of  the  diilicu  of  grease  as  ah. 

ami  from  what   hie  of  oil  in  the  l*n. 

was  inducvd  to  write  t.>  the  inventor  of  ti 

in  that  country,  k: 
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was  more  than  one  half  in  favour  of  oil,  with  a  proper  axlebox. 
On  application  to  Mr.  J.  E.  McConnell,  of  the  London  and  North 
Western  Railway,  a  trial  of  the  axlebox  was  at  once  made  on  some 
of  the  carriages  of  that  line. 

On  no  railway  in  the  United  States  is  grease  used  as  a  lubricator  ; 
many  plans  have  been  brought  out  in  that  country  for  axleboxes, 
but  the  one  now  brought  before  the  meeting  seems  to  be  preferred, 
and  is  universally  adopted.  The  average  distance  that  carriages 
run  there  before  any  additional  oil  is  supplied  to  the  boxes,  or  before 
the  journals  and  brasses  are  examined,  is  8000  miles.  This  fact 
has  been  fully  corroborated  by  the  working  of  these  boxes  on  the 
London  and  North  Western  Railway.  The  first  boxes  were  put  on 
the  tender  of  No.  182  engine,  which  was  immediately  put  on  to  the 
most  trying  work,  during  hot  weather,  sometimes  running  express 
trains  at  the  highest  speeds,  and  at  other  times  on  the  worst  possible 
work,  ballasting  ;  and  yet  after  running  6000  miles  in  four  months, 
without  any  additional  oil,  the  journals  and  brasses  were  in  as 
perfect  a  condition  as  when  new. 

This  axlebox  is  shown  in  Plates  81  and  82.  Fig.  1  is  a  longi- 
tudinal section  ;  Fig.  2  a  transverse  section ;  Fig.  3  a  front  elevation  ; 
and  Fig.  4  a  back  elevation. 

A  is  the  axle,  B  the  journal ;  CC  a  wrought-iron  collar,  shrunk 
on  the  axle,  having  a  groove  turned  in  it  to  receive  the  leather  flange 
DD,  which  is  shown  separately  in  Fig.  5.  EE  is  the  brass  bearing, 
and  FF  the  upper  chamber,  which  is  filled  full  of  cotton  waste,  flax, 
sponge,  or  any  other  capillary  material,  to  retain  and  pass  the  oil 
up  to  the  journal.  G  is  the  lower  or  secondary  chamber,  for  the 
reception  of  the  dirty  oil  which  finds  its  way  down  the  space  at 
the  back  of  the  bridge  wall,  with  a  tap  screw  at  the  bottom  to  let 
out  the  oil.  H  is  an  iron  plate,  bolted  to  the  back  of  the  box,  to 
keep  the  leather  flange  D  to  its  place.  I  is  a  covering  plate  bolted 
on  the  front  of  the  box  ;  this  is  the  only  opening  into  the  box, 
besides  the  hole  K  for  supplying  oil,  which  is  closed  by.  a  screw. 

The  results  of  the  trial  of  the  new  axleboxes  in  the  tender 
No.  182,  upon  the  London  and  North  Western  Railway,  have  been 
officially  reported  to  Mr.  McConnell  by  his  assistants  as  follows. 


\\1>    BPBJ 

Hm  ;   tho 

ind  in  a 
been  supplied  since  tb<  four 

montha  |  .;  I  * »  quarti  of  oU   I  the 

drawn  off  daring   1 1*** 
tiuif  from  the  )  m  >t  t  •  >m  ohamber,  which  i-  ^t  il  I  good  oil 
drilling,  ami  other  ordinary  work;  the  ofl  remaining  in  tli<-  • 
red  sufficient,  without   more  being  added,  to  rui 
"i    to    1000   mfles   more.       The   journals   ami    t'i 

:  og  beautifully,  « itfa  fa<< ■-  a-  though  |N>li.-h»'d  in  the  lathi 

greal  adi  Found,  thai  the  I  take 

"ii  the  bi  -  in  the  ordinary  boxes  using  _\<-ll"U  grease  or 

tallow.     Tin-  o>M  of  lubrication  is  groatrj  reduoed,  ai  appean  from 

the  following  aooouni  of  the  comparative  consumption  of  the  above 

lerwiththi  md  another  tender  exactly  similar, 

except  thai  it  u;u-  fitted  with  old  boxes  on  Normanville's  plan 
tallow,  both  tenders   having   run  the  same  ifatanoe,   6000   m 
under  the  same  circumstances  of  trains,  and  the  weather  being  dry 
and  'lusty  nearly  th<-  whole  of  the  time. 

VaW    AXLSBOl 

Oil  put  into  the  bos  :np,  H>  quart.-  at  '.!</ 

it  by  5  quarts  drawn  off  from  the  bottom  chamber,  at  •'„/. 

set  "ii  ... 

:;  iraate,  i  lbs.  at  '2d. 

I  1* 

Actual  cost  per  day,  Ibid.,  or         ...         U</.  per  day. 
OLD   AXl.KUOXEfl. 

laBow  leqatied  ser  day,  1 II  ...        ..     M,     per  day. 


Saving  per  day  on  the  I  New  axleboxes       7.},/.     per  day. 

t'wt.  Qn 
6  old  axleboxes              ...       |       l       n 
t  uf  the  •;  New  axlel                    ...       l       | 


Saving  in  weight  <..:  g 

The  sdvantagef  <>f  this  exleboa  over  th  : — 

fcly,  'I"-  i  Dslueion  of  dirt  or  grifl  hem  the  1 

i  <>f  tli<-  leather  and  wronght-iron  ooUar. 


216  AXLEBOX    AND   SPRING    CROSSING. 

Secondly,  the  certainty  of  constant  and  never-failing  lubrication 
to  the  journals  and  brasses  by  means  of  the  capillary  medium 
placed  in  a  separate  chamber,  and  detached  from  the  back  of  the 
box  by  means  of  the  bridge  wall,  so  that  the  level  of  the  oil  can  be 
carried  much  higher  than  the  joint  of  the  leather  and  collar, 
allowing  the  upper  chamber  to  be  full  of  oil  if  necessary,  while  it  is 
impossible  that  any  oil  can  leak  out  at  the  back. 

Thirdly,  the  provision  of  a  secondary  or  under  chamber  for  the 
dirty  oil  to  drop  into,  from  which  it  is  drawn  off,  refined,  and  again 
returned  to  the  upper  chamber  ;  or  it  is  used  in  the  machine  shop 
for  drilling,  cutting  bolts,  and  many  other  purposes,  for  which  it  is 
as  good  as  new  oil. 


Self-acting  Spring  Crossing  Point. — This  crossing  point,  commonly 
called  the  Frog  Point,  is  generally  used  on  the  railways  of  the 
United  States.  It  is  unnecessary  on  the  present  occasion  to  detail 
to  practical  engineers  the  difficulties  and  danger  experienced  in 
running  engines  and  carriages  at  high  speeds  over  the  present 
crossings.  It  will  be  sufficient  to  describe  the  improved  crossing 
point,  which  is  brought  before  the  meeting  as  a  remedy  for  the 
evils  attendant  on  the  crossings  now  used. 

Fig.  6,  Plate  82,  is  a  plan  of  the  simplest  construction  of  the 
spring  crossing,  and  Fig.  7  a  transverse  section.  AA  is  the 
main-line  rail,  and  BB  the  cross-line,  the  crossing  point  C  being  the 
same  as  usual,  but  the  wing  rails  DD  are  each  moveable  on  a  stud 
at  the  end,  acting  like  switches,  and  two  pins  EE  are  fixed  to  them 
on  the  under  side,  passing  through  slots  in  the  bedplate  F.  An 
india-rubber  ring  GG  is  passed  round  these  pins,  which  draws  them 
together,  and  keeps  the  moveable  tongues  DD  in  close  contact  with 
the  crossing  point ;  so  that  the  rail  presents  an  uninterrupted 
surface  for  the  trains  running  through  either  line,  the  flanges  of 
the  wheels  opening  the  tongue  on  the  opposite  side,  which  closes 
again  directly  they  have  passed. 

Fig.  8,  Plate  83,  is  a  plan  of  another  construction  of  the  crossing, 
and  Fig.  9  a  transverse  section.    In  this  the  india-rvibber  springs  GG 


L'lT 

act  tis  baffl  put   up.  :  I  I  . 

paa*  I'll         *  i -■  •-    I  '1 '. 

niul  hai  •  iraahtr  at  eaoh  in^r 

■pringp,  m  that  tbtg  ai  b  a  d  Aan1  Ij 

int. 
TIk'  main  feature  in  bot  I  Ei  thai   I 

afford  a  eomplete  anintamipted  tread  for  the  wh< 
through  tin-  oroaning,  at  the  lame  tuna  ensarii 
action    in    wbiohei  tion    the   train    is    pa  only 

differena  the  two  buffer  spring!  and  the  round  rii 

india -rubU»r    is    that    '  mpiv»ed    and     tin- 

.1<>1 ;   i.nt  either  plan  ii  (bond  to  work  with  oerteinty, 
the  imlia  iuI.Ut  ipring  ■  found  to  be  terj  durable, 


Mr  M.  I     NSKi-L  said  thai  he  believed  ti  I-r 

orrect  about  the  results  of  tin-  trial  he  luul  made  of  the 
Thnv    wai   ■  •  xilu-iun   df  dirt    from   the    journal,   and    the 

ing   it  constantly  in  contact  with  the  "il  wai  an   important 
advantage.     Sen   •   satisfied  th<-_\   most  ere  long  abend 

.1;  there  was  a  gp  re  luhri. 

of  the  oarriage  and  wagon  journals  in  cold  weather,  ai  no  Inbric 

place  on  fir-t  starting  until  the  journal.-  itad,  and  then 

were  lial  too  hot,  and   the    . 

scraped  off  the  outaide  of  the  boxes  and  put  in  again  mixed  with 
grit  at  the  rtattrmt     09 

ind  he  thought  railway  oompaniei  most  ultimately  adopt 

oil  for  all   moving  joornala,  particularly  with  the  present   ii. 
peed  of  traina  and  the  •■ 
M  utioned  ■  i  for  lubrication 

he  was  bringing  into  applii  ..•  Ion; 

Mr.   rTamahollnm.   with  but 

farther  trial.-  had  been  enepended  till  now,  from  dimonltiei  of  th.- 
inventor  who  wai  Inbrieatu 
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of  a  peculiar  semi-fluid  composition,  applicable  to  the  present 
axleboxes ;  oil  was  the  basis  of  the  composition,  but  thickened  with 
india-rubber  and  other  materials ;  it  had  an  affinity  for  the  iron 
bearing,  which  prevented  the  displacement  of  the  material  from 
the  rubbing  surface.  The  manufacture  of  the  material  was  not 
expensive,  costing  only  4d.  per  lb. ;  and  when  charged  at  lGd. 
per  lb.  it  had  been  found  in  the  trial  made  that  there  was  a  very 
considerable  saving  in  the  cost  of  lubrication  compared  with  the 
ordinary  grease  or  tallow.  He  wished  to  make  a  further  trial  of  it 
on  railways,  and  thought  it  would  prove  an  important  improvement. 
There  was  a  great  advantage  in  this  plan,  from  its  requiring  no 
change  in  the  present  axleboxes.  No  ordinary  pressure  in  the 
bearings  could  squeeze  out  the  lubricating  material ;  therefore  it 
remained  between  the  surfaces,  preventing  contact,  and  consequently 
preventing  any  heating  by  friction. 

The  Chairman  said  they  would  be  glad  to  have  the  results  of  a 
further  trial  of  the  new  lubricating  material,  and  to  receive  more 
particulars  at  the  next  meeting. 

Mr.  E.  Jones  observed  that  the  use  of  a  spring  crossing  point 
was  not  new  in  this  country ;  it  had  been  in  regular  operation  for 
six  years  on  the  Great  Western  Railway,  and  also  on  the  Bristol 
and  Exeter  and  the  South  Wales  lines ;  and  fourteen  years  ago  he 
remembered  something  of  the  kind  in  use  on  the  Hartlepool  Railway. 
He  had  made  several  hundreds  for  those  lines  with  flat  steel  springs, 
originally  of  his  own  invention,  at  Bridgewater.  A  2|  feet  spring 
was  used  for  crossings  of  600  feet  radius,  and  a  3|  feet  spring  for 
900  or  1000  feet  radius,  according  to  the  curve.  The  springs  were 
2|  inches  wide  and  |  inch  thick,  tapered  to  3-16ths  inch.  He  gave 
a  sketch  of  the  spring  crossing  (see  Plate  83,  Figs.  10  to  14).  He 
had  tried  some  with  india-rubber  springs,  but  did  not  find  these  so 
lasting  as  steel  springs,  which  were  all  adopted.  The  steel  springs 
were  found  to  answer  the  purpose  very  satisfactorily,  and  no 
objection  to  them  had  been  experienced  in  working.  They  were 
very  durable.  There  had  been  some  instances  of  springs  breaking, 
but  they  were  very  easily  replaced.  The  crossings  were  made  safe 
in  any  case,  even  though  broken,  by  the  tongues  being  prevented 
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\i,  quired  what  was  the  result  found  in  the  working 

[lle'fl  and  other  oil  tight    .  B 

that  an  axfcboX  had  0800  Uought  out  BOUM  yeM  BOOB  OV  hi-  I 

.  nmflor  purpose,  with  a  leather  collar  to  prevent   tl 

oil. 
Mr.    H.    Wbiohi    Mid   that    BTonnanville'e   Bret    axlohox   ww 
intended  in  front,  with  th.-  roppl;  below  the 

journal,  aid  filled  up  oloee  to  it.     But  I  wasfoo 

hard  below  the  journal ;   and  th.-  box 
unproved  by  keeping  the  ohainber  ab  in  the 

unli,  end  kinda  of  oil  boxes,  hut  they 

.    all   liable   t..   the  spilling  of   the   oil 

'.own.  nt  of  th.-  o  debox 

ribed  in  the  paper  he  though*  Dv  a  good  plan  to 

rant   tin-  oil  from   spilling 
that  had  been  found  in  the  trial  on  the  I  md  North  w 

Mi.  K<  I  omrxj :.  ■•  plied  that  there  appeared  to  be  no  «pfl 

loess  of  oil,  and  th-  -uallv    kept    out   of  the 

The  oil  drawn  oil'  fn  m  th.-  hlnek 

though  it 
for  drilling  purposes,  to. ;    b  perlv 

panned,  it  wi  **!  for  lul 
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at  the  back  of  the  axlebox,  just  high  enough  to  prevent  the  oil  from 
flowing  off;  the  oil  did  not  come  into  contact  with  the  leather  joint, 
which  was  only  to  prevent  the  entrance  of  grit  and  dust. 

Mr.  E.  Jones  said  he  remembered  that  on  the  North  Union 
Railway,  many  years  ago,  Mr.  Williams  had  tried  a  collar  or 
picking-up  ring  on  the  middle  of  the  journal,  which  dipped  into 
cotton  waste  saturated  with  oil  whilst  revolving,  continually  picking 
up  a  supply  of  oil  for  lubricating  the  journal. 

Mr.  Chellingworth  remarked  that  there  was  a  plan  of 
lubrication  with  a  cork  ball  about  1  inch  diameter ;  two  of  these 
balls  floated  on  the  surface  of  the  oil,  rolling  against  the  journal  to 
distribute  the  oil.  He  believed  it  was  a  French  invention,  but  did 
not  know  the  result  of  its  application. 

Mr.  McConnell  said  he  was  not  acquainted  with  that  plan. 
The  leather  in  the  new  axleboxes  was  not  found  to  wear  away, 
and  appeared  likely  to  last  a  long  time,  as  there  was  no  pressure 
or  strain  upon  it ;  the  leather  was  not  bent,  but  simply  fitted 
easily  into  the  groove  in  the  iron  collar,  which  was  shrunk  on  the 
axle. 

Mr.  H.  Wright  observed  that  the  leather  would  probably  wear 
the  iron  away  before  it  was  worn  away  itself ;  he  had  found  it 
necessary  in  Normanville's  axlebox  to  increase  the  surface  of 
contact  by  a  longer  bearing  of  the  leather  collar  on  the  axle,  to  allow 
for  the  wearing  away  of  the  iron  by  the  constant  grinding  action 
with  the  particles  of  grit. 

Mr.  Allan  remarked  that  he  had  used  sponge  in  the  axleboxes 
of  engines  for  the  last  ten  years,  and  found  the  results  very 
satisfactory.  They  found  that  the  consumption  of  oil,  which  was 
previously  6  to  8  quarts  for  the  100  miles  trip  between  Birmingham 
and  Liverpool,  was  now  reduced  to  1  quart,  partly  by  the  introduction 
of  sponge  in  the  axleboxes  of  the  ten  bearings  of  the  engine  and 
tender.  The  plan  still  continued  very  successful,  and  they  had 
adopted  it  generally  in  their  engines  and  tenders. 

The  Ohairman  enquired  whether  the  sponge  was  placed  below, 
to  catch  the  oil  falling  from  the  bearings  ;  and  whether  the  oil  was 
fed  from  above  as  usual. 


A.M.:  I    sritlMi     I  llUSMNO. 
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Mi.  Allan  said  that  rathe  mode  of  application;  tin 
wiped  up  the  oil,  thai  preventing  the  Ion  of  the  oil  thai  would 
have  dropped  from  the  journal,  and  keeping  the  journal  constantly 
oiled  smoothly  ov< 

Mi.  M,  •  lomn  i.i.  thought  thai  sponge  would  be  liable  to  gel  bard 
with  a  hot  axle,  and  thai  the  cotton  waste  would  be  ■  better  plan. 
In  the  new  azlebox  the  greal  improvement,  be  oonaJnVired,  was  in 
having  tb  Ir  of  oil  below  the  journal  instead  ol  that 

appeared  to  be  thebesl  mode  of  application,  ai  any  grit  or  impurities 
in  the  oil  settled  to  the  bottom,  and  were  prevented  bom  coming  in 
oontaot  at  all  with  the  journal  l>y  that  arrangement,  but  this  oould 
not  be  entirely  prevented  when  the  reservoir  was  above  the  journal. 
The  lower  separating  chamber  tor  the  waste  oil  was  also  an 
important  improvement,  keeping  up  a  constant  gradual  separation 
of  the  impure  oil,  ami  affording  a  great  meai  lomy  in  using 

the  oil  over  again,  after  being  purified.  The  leather  collar  was  a 
very  affective  and  simple  contrivance  to  exclude  the  grit  and  dust, 

which  were  a  great  source  of  expense  and  injury  in  the  ordinary 
axlel" 

Mr.  Slate  asked  what  was  the  comparative  economy  of  the 
American  axlebai  and  Mr.  Allan's  plan.  In  the  latter  plan  1  quart 
of  oil  was  MnmnwH  for  100  mile-,  but  in  tin-  other  there  was  said 
to  be  5  quarts  for  C0U0  miles,  or  1  quart  only  for  more  than  !*►<»*> 
miles. 

Mr.  Allan  remarked  that  the  1  quart  of  oil  which  he  had  men- 
tioned was  used  tor  all  the  bearings,  moveable  joint-,  sjc,  of  the 
engine  ami  tender,  not  for  th«-  axleboxes  alone  a-  in  thf  trial  of  the 
new  azlebox;  ami  he  bad  no  means  of  knowing  what  proportion  of 
the  whole  was  consumed  by  thf  axle  journals. 

The  CuAiKMAN  asked  Mr.  Allan  I  sketch  of  his  sp 

azlebox,  with  an  experimental  trial  on  the  oonsumption  of  oil  in 
the  axleboxes  alone,  independent  of  tin-  rest  of  the  engine. 

Mr.  Allan  -aid  that  he  WOUld  give  it  at  the  next  meeting  of  the 

Institution,  and  would  try  :  k  or  twoth<-  actual  oonsumption 

I  in  the  axlel *jxc.»,  to  ascertain  the  proportion 
practicable. 
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Mr.  Foksvtii,  of  Wolverton,  remarked  that  one circumstance had 
not  km  mentioned  in  the  description  of  the  new  axleboxes  tried  on 
the  London  and  North  Western  Railway;  the  cotton  was  rammed 
in  tolerably  tight  from  the  front,  filling  the  boxes  up  solid  except 
against  the  endfl  of  the,  axles.  The  cotton  was  put  in  dry,  and  it 
became  gradually  saturated  by  pouring  in  oil  from  time  to  time  at 
the  top  hole  ;  it  would  continue  to  absorb  oil  for  several  days.  The 
surface  of  the  cotton  waste,  when  examined  after  running  the  GUOO 
miles,  was  like  a  metallic  polished  surface  next  the  journal,  but  still 
it  was  found  saturated  with  oil  close  up  to  the  surface  of  contact. 
The  leathers  were  cut  straight  up  |  inch  from  the  axle,  but  not 
brvilled,  to  get  them  into  the  groove  of  the  iron  collar;  but  no 
leakage  was  found  to  take  place,  as  the  cotton  was  not  over- 
saturated,  and  the  oil  never  came  in  contact  with  the  leather  so 
high  up  as  the  cut. 

The  (ii  HUMAN  proposed  a  vote  of  thanks  to  Mr.  Hodge  for  his 
paper,  which  was  passed,  and  expressed  a  wish  for  further  informa- 
tion about  the  results  of  trial  of  the  axlebox. 


The  Meeting  then  adjourned ;  after  which  specimens  were 
exhibited  by  Mr.  J.  McConochie,  of  Wednesbury,  of  a  new 
Permanent- way  Chair  for  Railways. 
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